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ADVERTISEMENT. 

In unidertaking the present work, the Author contemplated 
nothing more than anew edition of " Symons* Ganger," a 
work U3naUy placed in the hands of yonng persons on 
their first appointment as Excise Officers ; and it was 
not until he had proceeded a considerable way in revising 
that work, that he found it neoessary to make such alter- 
ations and additions as gave to it altogether a different 
character and required a new title. This will in some 
measure account for the diversity of style and arrangement 
in the different parts of the work. 

Although the work is no longer a new edition, it lays 
claim to no higher character than that of a compilation. 
Not only has the Author considered it his duty to borrow 
largely, from the various woiks on Gauging to which he 
could obtain access ; but wherever he could meet with 
information, bearing the stamp of authority, he has not 
scrupled to make use of it ; considering that he was thereby 
carrying out the principles laid down in the reports recently 
made to Government upon this important branch of the 
revenue. If, in any instance, he has omitted to acknow- 
ledge the authority used, he hopes it will be attributed to 
inadvertence, rather than to any design of arrogating to 
himself the honour due to others. 

To his friend Thomas Julians, Esq., 1st Class 
Surveying General Examiner, who deservedly ranks high 

a2 



VI ADVERTISEMENT. 

among the "working bees" in this useful hive of the 
Commonwealth, the author begs in an especial manner to 
make his acknowledgements for the great assistance given 
in every part of this laborious and difficult compilation^ 

Although the greatest care has been exercised in the cal- 
culations and tables contained in these pages, each of which 
has been checked, not only by the author, and by at least 
one practical officer, but also by William Rutherford, 
Esq. F.R.A.S. of the Royal Military Academy, Woolwich, 
whose valuable assistance will be recognized in many of the 
mathematical suggestions ; it is not to be expected that 
the first edition of a work of this description can be without 
errors of greater or less magnitude. The author therefore 
requests, that, when any such are discovered, or whenever 
any suggestions occur likely to render the work more 
generally useful, they may be communicated to the 
publisher, in order that they may be noticed in a future 
edition, or in a supplementary publication. 
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EXPLANATION OF THE SIGNS USED IN BOOK I. 



+ signifies pltu, or additioiL 


s= 


signifies equality. 


— ** miniUf or subtraction. 


• • • 

• • • 


<* proportion. 


X " multiplication. 


s/ 


" square root. 


-r " division. 


9 


'* cube root. 



Thus 4 -f 3 denotes that 3 is to be added to 4. 

6 — 4 denotes that 4 is to be subtracted from 6. 
8x3 denotes that 8 is to be multiplied by 2. 
9-7-3 denotes that 9 is to be divided by 3. 
5 + 6 =s 11 shows that the sum of 5 and 6 is equal to 11. 
3 : 6 : : 12 : 24 is expressed thus ; 3 is to 6, as 12 is to 24. 
^ 5 denotes the square root of the number 5. 
3 6 denotes the cube root of the number 6. 
A number written over the right of another in a smaller character, is 
called an exponent or index^ and denotes that the number is to be repeated 
with signs of multiplication, as many times as are represented by the 
smaller character, thus : v 

5» denotes 5 x 5, or that the number 5 is to be squared. 
6» denotes 6 x 6 X 6, or that the^umber 6 is to be cubed. 
A vinculum or line drawn over numbers connected by signs, or the 
inclosing of such between parenthetical characters, denotes that they are 
to be taken as one, thus ; 

«, 8 -i-6'T' 7. or (8 4- 0) -r 7 denotes that the sum of 8 and 6 is 

to be divided by 7. 
^4.3 X 8, or (24 — 3) X 8 is the same as 21 x 8 = 168. 
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BOOK I. 



CONTAINING SCIENTIFIC AND OTHER INFORMATION 
eONNECTED WITH THE BUSINESS OF AN EXCISE 
OFFICE^^ I^£J^yi>i;^.0 THE A&T OF 0UA6ING. 



CHAPTEE I. 

ABITHM£TIC. 

Tms t^Qn " Arit(i])[^etic " is derived firpm tbe Greeks and 
sigii^es tiie art ei nvimberiiig and of calciilaling in nam- 
b^. It jsx^j ibe considered under two he^ds : I, Aritji- 
metic of Simple Numbers. 2. Artthmetic of Quantities. 

Part I.-^tArithmetic ov Simple Numbers. 
Tbe fundamental rules of Arithmetic are Numexafipn, 
Addkioa, iSubtraotion, Multiplicalion, and Division. Upon 
these ptjiers pi^ fp;anded, wjiicb, fpr the purposes of the pre- 
sent Treatise, may be classed under the heads of Proportaoa, 
o^^ Rul|? of TTire^, YnJl^ar Fr^cjions, Decim^s, Square 
BiQig|,JC«h(».EoQt».aad Pro^iesaqB. 

Notation is the art of efpr.e;?4^j; pumbj^r^ m j^res. 

B 



2 THE EXCISE officer's MANUAL. [bOOK I. 

Numeration is the art of reading or enumerating num- 
bers when expressed in figures.* 

TABLE. 

»s h;]^ s »S hS g n Fi S 

987654321 

98765482 

9 8 7 6 5 4 8 

9 8 7 6 5 4 

9 8 7 6 S 

9 8 7 6 

9 8 7 

9 8 

9 

* For the purpose of expressing numbers, we make use of ten signs or 
characters, and by these ten signs we can express all numbers, however 
large or small, by a yery simple and ingenious arrangement 

These figures, signs, or characters, are as follows :— 
1 one 3 three 5 five 7 seven 9 nine 

8 two 4 four 6 six 8 eight cipher 

The first nine are called ngnificant ftgurett as distinguished from the 
cipher, which is of itself an insignificant number. Besides this value of 
those figures, they have also another or local talne, which depends on 
the place they stand in when joined together, as in the above tabje. 
where any figure in the first place (reckoning firom right to left) denotes 
only its own simple value ; but any figure in the second place denotes tra 
times its simple value ; and any figure in the third place, a hundred times 
its simple value, and so on : the value of any figure in each suoeessive 
place being always ten times its former value. 

Thus, in the number 444, the 4 in the first place denotes only 4 units, or 
simply 4 ; 4 in the second place signifies 4 tens, or foirty ; and 4 in the third 
place, four hundred ; so that the whole number is read thus— four hundred 
and forty-four. 

The cipher, 0, though signifying nothing of itself, when joined on the 
right hand side to other figures, increases their value in the same tenlbld 
proportion ; thus, 4 signifies only four ; but 40 denotes 4 tens, or forty ; and 
400 is four hundred, and so on. 

For the more easily reading of large numbers, they are divided into 
periods and half periods, each half period consisting of three figures, the 
first period being named units ; the second, millions ; the third, millions of 
millions or bi-miUions, contracted to billions ; the fourth, millions of mil- 
lions of millions, or tii-millions, contracted to trillions, and so on. The 
first part of any period is so many units of it, and the latter part, bo many 
thousands, as is shewn in the following table :— 



CHAP. I.] ARITHMETIC. 3 

Rule for Numeration. — Divide the niunber into 
periods and half-periods from right to left ; then begin at 
the left hand, and read the figures with the names set to 
them in the tables.* 

Rule for Notation. — ^Write every figure in its pro- 
per place, and supply vacant places with ciphers.'f' 

2. Addition. 

Addition is the method of finding a sum which shall 
be equal to two or more quantities taken together. 

Rule. — Place units under units, tens under tens, &c, 
and draw a line under them. Add the figures in the units 
column, and find how many times ten that sum contains ; 
set down the remainder, if any, at the foot of the column ; 
and for every 10 in that sum, carry 1 to the next column. 
Proceed thus with every remaining column, and under the 
last write down the full sum. 



Periods 

Half-per. 

FlgnreB. 



QaadrilU<m«. TrilUoni. BiUioiu. Millions. Units. 



th. nn. th. nn. th. tm. th. on. tfa. on. 



123 



,456; 789 , 098; 765 , 4S2; 101 , 2S4; 567 , 890. 



* BXAMPLB8 IN NUMBSATION. 

Express in words the following nombers, vis. 

56 9,019 27,593 3,456,073 

510 12,060 670,421 800.096,021 

iBXAMPLBS IN NOTATION. 

Set down in figures the following numbers :-^ 
FiftyHiix ; five hundred and ten ; nine thousand and nineteen ; twelve 

thousand and sixty ; twenty-seven thousand five hundred and ninety-two ; 

six hundred and seventy thousand four hundred and twenty-one ; three 

millions four hundred and fifty-six thousand and seventy-three; eight 

hundred millions ninety-six thousand and twenty-one. 
NoTB.— The examples here, and in some other rules, will be found to 

be reciprocally the answers to each other. 

B 2 



4 THE Excisfi cfttctrai't manual. [«o6it t. 

Proof .-^Begin dt tliie te]^ and add fog«fIier dl the 
rows of nutnberiB downwiardB, in the saMe mtaotiet Aii they 
were before added npw^Tds ; th^n if l^d two sttms agree, 
it may be presumed the work is right.* 

3. Subtraction, 
Subtraction is the method of taking a less number 
from a greater, in ordet to find their difference. 

ilut.fi « — Place the less number udder thB gtdater>f 





• 


KZAItFLBS 


nf ADDxnov. 






(1.) w 


(2.) 


19S 


(3.) 


1234 


(4.) 


12345 


21 




133 




1342 




12354 


11 




B13 




1432 




12543 


89 




931 




^1 




15432 


10 




113 




2431 




15234 


76 


812 


8780 


67908 



(5.) 36 + 244-484-96 + 84 + 72 + 12-f «)*=43». 

(6.) 734912 + 1579134 + 1491356 + 1891356 + 1864290 + 1357828 = 
8918876. 

(7.) 1864390 + 735730 + 913578 +690428 4- 1135782 + 913578=6253386. 

(8.) The net lectipte of tin ref«nue of excise in Bb^1«&cI» fot 1835, were 
m foUows:— Auctions, £211,896; bricks, £391,213; glass, £611,718; hops, 
£324,792; licenses, £847,065; malt, £4,299,768; paper, £681,181; soap, 
£698,802; Ipirits, £2,105,511; vmegar, £25,871$ tea, £59; whitt wftt «e 
total amount ? Ans. £10,247,876. 

tBXAMPLBS IN 8UBTBACTI0N. 

(1.) (80 (3.) (4.) (5.) (6.) (7.) 

From 38 78 198 673 7183 846789 731804 

Take 26 45 127^ 363 8102 242316 129714 

Differ. 12 33 71 310 5081 604473 602090 

Proof 88 78 198 "m 7183 846789 731804 

(8. ) What is the difference between 98457683 and 59864287 7 Ans. 38593396. 
(9.) What is the difference between 73001826 and 907394 ? Ans. 72094432. 
(10.) What number is 7314 + 1641 + 3124 — 7187 equal to ? Ans. 1898. 

(11.) In 1831 the population of Inland consisted of <S3766Srr males and 
6714378 females ; Wales, of 394563 males and 411619 females ; Scotland, of 
1114816 males and 1250298 females ; Ireland, of 8794880 males and 8972521 
females ; and the army and navy, 8cc., of 277017 mates. How much does 
the female patt of the population of Great Brita^ and Ir^and exceed th^ 
male part 2 Ans. 390913, 



ClitAP. i.] 



ABITHMISTIC. 



udUs under unite, ten? under tens« &c.f and dr^w a line 
undei^ them i then begin at the right hand, and take each 
figure of the less number from the %ure above it, and 
place the remainder directly vnda*. When ike lower 
figure is equal to tie upper, write 4own a cipher ; when 
greater than that above it, suppose 10 added to the upper 
^gare ; then subtract the lower figure from the sum ; and 
add 1 to the next lower figure before yon subti^t it. 

Pnoof. — ^Add tbje two undermost munbers together; 
their sum will be e^ual to the uppermost when the work 
is right. 

4. Multiplication. 

Multiplication is a compendious method of finding 
the sum of any given number when repeated a certain 
number of times. 

The number to be multiplted is called ^e multiplicand ; 
the number by which we multiply is called the multiplier ; 
and the amount is called the product, 

TABI4B. 



Twice 

Iaxie2 

2.. 4 

3.. $ 

4.. 6 

5. .10 

6.. 12 

7.. 14 

8.. 16 

9.. 18 

10.. 20 

11.. 22 

12.. 24 

13. .26 



15. .30 
16.. 32 



8 

times 

lare3 

J.. 6 

3.. 9 

4. .13 

5..U 

6. .18 

7. .21 

8.. 24 

9.. 27 

10.. 30 

11.. S3 

12... 36 



13.. 39 



14.. 2S 14. .49 14. .56 



15.. 45 
16. .48] 



17. .34 17.. 61 
18. .36 18.. 54 
19.. 38 19.. 57 



20..4aS0«.60 20..80 



4 

lwe4 
2.. 8 
3.. 12 
4.. 16 
5.. 20 
6.. 24 
7. .28 
8.. 32 
9.. 36 
10.. 40 
11. .41 
12.. 48 
13.. 52 



15. .60 
16.. 64 
17. .68 
18.. 72 
19.. 76 



5 
laxa5 



2.. 10 2.. 



3.. 15 



4..20 4.. 



6 
times 
lare6 



3.. 



5..2# 
6.. 30 
7.. 36 
8..40 
9.-45 
10.. 50 
1K.55 
12.. 60 
13.. 65 
14.. 70 
15.. 75 
16.. 80 
17.. 85 
18.. 90 
19.. 96 



5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11,. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 102 
18.. 108 
19,. 114 



12 

18 

24 

30 

36 

42 

48 

54 

60 

«Sj 

72 

78 

84 

90 

96 



20.100 20.. 120 



7 
times 
lare7 
2.. 14 
3.. II 
4.. 28 
5.. is 
6.. 42 
7.. 4» 
a.. 56 
9.. 63 
10.. 70 
11.. 77 
12.. 84 
13.. 91 
14.. 98 
15.. 105 
16. .112 
17. .119 
18.. 126 
19. . 138 
20.. 140 



8 

tUwv 

laxeS 



16 
24 
32 
40 
48 
56 
64 
72 



9 
times 
1 are9 
2.. 18 



2.. 
3.. 
4.. 
5.. 

6.. 

7.. 

8.. 

9.. 
10.. 
11.. 

12.. 96112.. 108 
13.. 104 13.. 117 



3.. 
4.. 
5.. 

6: 

7.. 
8.. 

9.. 



10 
times 
larelO 



80 10.. 
88111.. 



27 
36 
45 
54 
63 
72 
81 
90 
99 



14.. 112 
15.. 120 
16.. 128 
17.. 136 
18.. 144 
19.. 152 
20.. 160 



14.. 126 
15..1S5 
16.. 144 
17.. 153 
18.. 162 
19.. 171 
20.. 180 



20 
30 
40 
60 
60 
70 
80 
90 



2.. 

3.. 

4.. 

5.. 

6.. 

7.. 

8.. 

9.. 

10.. 100 
11. .110 
12.. 120 
18.. 180 
14.. 140 
15.. 150 
16.. 160 
17.. 170 
18.. 180 
19.. 190 
20.. 200 



11 

times 

larell 

2.. 22 

3.. 33 

4.. 44 

5.. 55 

6.. 66 

7.. 77 

8.. 88 

9.. 99 

10.. 110 

11.. 121 

12.. 132 

IS.. 143 

14.. 154 

15.. 165 

16.. 176 

17 -187 

18-198 

19-209 

20-220 



12 
times 
larel2 
2.. 24 



3 

4 

5 

6- 

7. 



36 
48f 

60| 
721 
84 



8- 96 

9-108 

10-120 

11-132 

12 - 144 

13 - 156 
14-168 
15 - 180 
16-192 
17-204 
18-216 
19-222 
20-240| 
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6 THE EXCISE officer's MANUAL. [bOOK I. 

Rule I. — Place the multiplier under the multiplicand,* 
units under units, &c., and draw a line under them ; mul- 
tiply each figure in the multiplicand, first by the units of 
the multiplier, then by the other figures in their order, 
placing the first figure of each product directly under the 
figure by which it is multiplied, and carry 1 for every 
10, as in Addition ; the product, or the added products, 
as the case may be, will be the answer.'f 

Rule. II. — When the multiplier is the product of 
two or more numbers in the table, multiply by each of 
those parts successively, instead of the whole number at 
once. 

Rule III. — If there be a cipher or ciphers at the right 



* The multiplicand and multiplier are both called fadon of the multi- 
plication. 

-f BXAMPLBS IN MULTIPLIOATION. 

(1.) Multiply 4606870 by 18. (2.) Multiply 4006870 bj 106, 

MultipUcand 4606870 4606870 

Multiplier 18 108 

3685^60 36854960 

4606870 4006870 



Product 88»S3660 497541900 



(3.) 2345678x47 = 110946866. 
(4.) 8970681 X 96 = 861185376. 
(5.) 763412X234=171004288. 



(6.) 628547 x 2^6 = 362043072. 
(7.) 2576983x486^1252413738. 
(8.) 7167398x390 = 2795285^20. 



(9.) Multiply 680945681 by 4865 = 3312800738065. 
(10.) Multiply 354269732 by 7364 = 2608842306448. 
(11.) Multiply 739684386 by 9542 = 7058068411212. 

BXAMFLBS AFFLICABLB TO BX7LB II. 



(12.) Multiply 4096731 by 36. 
4096731 
6x6=36. 6 

24580386 
6 



Ans. 147482316 



(13.) Multiply 1173948 by 72. 

Ana. 84524256. 

(14.) Multiply 1236829 by 168. 
Ana. 207787272. 

(15.) Multiply 61835720 by 1320. 
Ans. 81623150400. 
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of one or of both factors, multiply by the significant 
figures, and annex the ciphers to the product. 

Proof. — Make the former multiplicand the multiplier, 
and the multiplier the multiplicand ; and if this product be 
equal to the former, the work may be presumed to be 
correct. 

5. Divmon. 

Division is the method of finding how often one 
number is contained in another. 

The number to be divided is called the dividend ; the 
number we divide by is called the divisor ; the number of 
times the dividend contains the divisor is called the quotienU 

RuL£. — Place the divisor before the dividend, thus — 
5 ) 18 ( — ; find how often the divisor is contained in as 
many figures of the dividend as are just necessary, and 



BXAHFLBS AFPLICABLB TO KVLB Illk 

(16.) Multiply 740 by 5400000, 
746 
5400000 



8984 
3730 



40S84D000O 



(17.) Multiply 84220000 by »0. 

64S20000 

220 



16844 
16844 



18528400000 



There «re several methods of Ahortening the operations, one of whicbi 
probably the most useful, is worked in the following manner :— 
(18.) Multiply 71380164 ^^^ ^^ ^^ ^.^ ^ 3 ^ ^. 

^ ^^ middle; then 9 times its product 

214140492 will be the product for the 27 on the 

1927264428 left ; and again, 2 times this last wiU 

3854528856 be the product for the 54 on the 

Ans. 1952533006056 ^^^^^ ^ ^^^^ ^ ^^^ ^^^ ^^ 

of placing the first figure of each product straight below the first figure 
of its own multiplier. 

(19.) Multiply 61370913 by 96488. Ans. 5921556653544. 
(20.) Multiply 94324364 by 63672. Ans. 6005820904608. 



8 



THE EXCISB OFriCSE*S MANUAL. [bOQK L 



place l^e number on the right, in the quotient ; multiply 
the divisor by thi^ numbec, mid set the pro^ct under tlie 
^figore^ <fi the dividend before mentioned ; subtract this 
product from tbat pas: t of the dividend under which it 
stands,. 9nd. bring down thtg ne;^t figoice of the. dividend, or 
more if necessary, to join on the right of the reminder ; 
divide this number, so increased, in the same manner as 
before ; and so on, till all the figures are brought down 
and used. If it be necessary to being down more fignres 
than one to any remainder, ia ocdei to. make it as large as 
the divisor, oi hrger, a cipher must be set in the quotient 
for e^irery figure, tiius bf osght down more- than one. 

If tke divisor does not exceed 12, the division may be 
expeditiously performed mentally, settings down liie quo- 
tient only below the dividend.^ 



■ywrt—^mr 



^^^w^ 



* BXAMPLBS IN DIVISION. 

aO DMde mmimi by. & (20 litiKide 86429738018 by U. 

8 ) 96842976368 11 ) 86429738048 

I — ■ - Jt mt\m mu _ 



41UI. 12105372046 
8 



Ajis., 78Saf24,8913iT 
11 



Proof 96842976368 



Proof 86^^38048 



(3.) 8a7015348753>f4==81753837188i. 1 (5.) 123456789081-re»13717421009. 
(4.) 613976423575-r&:sl023294O3929j. |(6.}342738429647-^19sr88561535803{^ 
When the divisor exceeds 12 the operation is peifpimed thus : — 



(7.) Divide 73697644 by 6428. 
642B ) 78697644 ( Utffr/^Y^ ikna. 
6428 



9417 
6486 



29896 
25712 

41844 
36568 

32764 
32140 



11465 « s « 



91724 



68790 



Remainder 624 



73697644 Proof. 



•Wi 



(8.) Divide 98642975 by 7864. 

Ans. 12543r|'4* 
(9.) Divide. 38769428 by 2976. 

Ans. 13Q87:r «'}«'• 
(10.) Divide 564»»735 by 4735. 

Abb. 12339i Mi- 
(11.) Divide 56743852 by 3969. 

Ans. 14S969SrS- 
(12,). IKvid^ 96432864. by 78H 

Ans. 12278^1}. 
(13.) Divide.56876544 by 9216. 

Ans. 6171«TiT* 
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6. Propotfk>n ; or, the Rule ef Three. 

ThI© rale it §A application of the doctrine of proportion 
<o withdietical purposet^ whereby a number is found bear- 
ing the sbme proportion in a direct ratio to a given nam* 
ber whidi two other given numbers bear to each other. 
It is tsallcd the " Rule of Three " because, in each of its 
questicms, three numbers at least are given ; and, firom its 
extensive use, it is called the Oolden Rule, 

Rule. — Multiply the second and third numbers toge- 
ther, and ^vide the product by the first number; the 
quotient is the answer sought, or the fourth number.* 

When there are ciphers annexed to the divisor cut them oft and cut off 
as many figures from the dlvidoid ; annex these figures to the remainder. 

BXAMPLtS. 

(14.) Divide 96735429 by 8000. Ans. 1209lUJi. 

(15.) Divide 85329684 by 78000. Ans. 1168«»«8±. 
When the divisor is the product of twQ or mora numbeis^ncne of which 
exceeds 12, divide successively by these numbers ; and to find the re- 
Hiainder, multiply the last remainder into all the preceding divisors, 
(the last excepted,) adding the several remainders to the product to 
which they beloi^: thus, 

(17.) Divide 386«m6 by 576. 

Ans. 67088 sS's* 
(18.) Divide 87341985 by 112. 

Ans. 779839 nV 
(19.) Divide 64894229 by 224. 

Ans. 2897068V<- 

(20.) IHvlde 74838694 by 147. 

Remainder 149 I Ans. 509106rif • 

VThen the divisor consists of several figures, and is in frequent use, it 
wiU be fbund expeditious, as well as safe, to make a table of the divisor, 
containing its difi^erent products when multij^ed by every number from 
1 to 9 inclusive. This wUl be foimd particularly useful in reducing soBd 
inches to feet, gallons, or bushels. (See Reduction, ir\fira.) 

* BXAUPLES IN HULB Ot TRBBB. 

(1.) If 3 bears a direct proportion to 12, to what number wffl 9 bear a 
like direct proportion ? 

State the question thus : Here the fourth nunber, or an* 

As 3 : 12 : : 9 swer, (36,) bears the same propoi^- 

g tion to the second number, (12,) as 

•— — 9, (the third number,) does to three 

* )J|^ (the first number) ; that is, it con- 

^^g, 30 tains it three times, or it bears the 

■IP.— same proportion to tjhf third inim*^ 



(16.) Divide 48642764 by 315. 
48642764 5x7x9=315 



S15< 9 



9728552 4 



1389793.. 1x5 «= 6 



154421.. 4x7x5^140 
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7. Vulgar Fractions, 

As any thing, however small, may still be supposed to be 
divided into any number of parts, so any nnmber, however 
small, may be supposed to be divided by any other num- 
ber, however large. Numbers which are supposed to be 
produced by such a division as is just referred to, are called 
fractions^ or parts ; and as one of such fractions or parts 
is less than the number 1, and as the number 1 is the 
smallest number that can be expressed in the common 
way of expressing numbers, fractions require a different 
method of notation. Still, however, they are numbers; 
and when the method of writing them, and also their 
nature, are understood, the operations of adding, subtract- 
ing, multiplying, and dividing may be performed with 
them on the same principles as with other numbers.* 



ber (9) as the second number (12) does to the first number— namely, 
eontains it four times. Had a value been given to the figures, as will 
be more fully shown under the head of Arithmetic of Quantities, it might 
perhaps have been better understood thus : If 4 bushels of malt cost 13b., 
what will nine bushels cost at the same rate 7 Ans. 36s. 

(2.) H 6 : 24 : : 18. Ans. 72. (3.) If 56 : 589 :: 168. Ana. 1767. 
(4.) If 888 : 50000 : : 1998. Ans. 112500. {See Compound Pbopobtion.) 

* The value which the fraction expresses, or the number that it stands 
for, is the quotient that would arise from dividing its upper number or 
numerator, by its under number, or denominator, if that division could be 
performed. And this value does not depend upon the absolute greatness 
of either or both of the two numbers, but upon the greatness of the 
numerator compared with that of the denominator. The value of a frac- 
tion is therefore twofold, depending partly upon the numerator and partly 
upon the denominator ; and it increases with increase of the numerator, 
but diminishes with increase of the denominator. It therefore follows, 
that to add to a fhustion, we may either add to its numerator or subtract 
from its denominator ; to subtruct from a fraction, we may either subtract 
from the numerator or add to its denominator ; to multiply t we may either 
multiply the numerator or divide the denominator ; and to divide, we may 
either divide the numerator or multiply the denominator — the change, in 
every case, depending upon the comparative difiierence made between the 
numerator and denominator. In consequence of this property of frac- 
tions, we are enabled to change a fraction of any one denominator to any 
other ; and thus fractions which cannot be compared or added La their 
original form, may be compared or added the same as other numbers. 



CHAP. I.] ARITHMETIC. 1 1 

A &action» therefore, is a part or several parts of some- 
tlung considered as a whole, and is expressed by two 
numbers, one (the numerator) usually written above a 
small line, and the other (the denominator) written below 
the same : thus, i is a fraction, signifying three eighths 
of one. 

To change fractions of different denominations to the 
same denominator, multiply both numerator and denomi- 
uator of each fraction by the denominators of all the other 
fractions ; and to reduce a fraction to its lowest denomi- 
nation, divide each term by the largest number that will 
leave no remainder.* 

Additiok. The general principle in every kind of 
Addition is, that only numbers of the same kind or deno- 
mination can be shortened into one sum. Hence, 

1. To add a fraction to a number, annex it to the right: 
thua, the sum of 12 and f would be I2f .f 

2. To add fractions, change them to the same denomi- 
nation, and add the numerators. 

* BXAXTLB IN YtTLOAB FBA0TION8. 

(1.) Change «» {» and { to the same denominator. 
Multiply both terms of j by 3 and 4; both terms off by 8 and 4; and 
both terms of | by 3 and 3. 

Thus, If Ti and t = m Tf » and ir» or c= i^i jj, and jf 

(3.) Reduce Hi to its least term. 

Divide the denominator by the numerator, and the remainder by the 

numerator; make each remainder the divisor of the former divisor, until 

there be no remainder : the last divisor will be the largest common divisor. 

Thus 216 ) 288 ( 1 Common divisor 72 ) 216 ( | 

216 288 

72 ) 216 ( 3 Loirest denomination, |. 
216 

t Expressions of this kind are called mixed numben; they cannot be 
expressed simply as whole numbers, unless the numerator of the fraction 
eaa be divided by the denominator without leaving any remainder ; but 
they may always be expressed simply as fractions, and the method of 
doing this is to multiply the number by the denominator of the fraetlon, 
add the numerator to the product, and make the sum numerator. 
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SuBTBrACTioK. This being the converse of Addition, 
will requite the same preparation ; and thus the rule for 
subtracting one fraction from another will be this :*— 

Change to the same denomination, as in Addition, then 
subtract the less numerator from the greater, and place 
the difference over the common denominator.* 

M{Ji;7iPi<icATiON. It has been shown that a fraction 
is nothing else than the numeratpr divided by the denoni- 
nat<»r; hence, the product by a 4ractien will be the pro- 
duct by the nnmeiiator divided by the denominator ; there- 
fore to multiply by a fraction, nuzltiply by the numevator 
and divide the product by the denominator.-f- 

To multiply two or more fractions together, multiply 
the numerators for numerator of the product, and the 
denominateis for denominator. 

Drvxsios. As Division is the c^posite of Multiplica- 
tion, it follows ^hat, to divide by a fraetion, we multiply by 
the denominator, and divide the product by the numerator.]; 

BXAMPLB IN ADDITION OF TULOAE FBAOTIONS. 

(3.) Required the sum of 2ji it and i of | ? 
First, 9s=h and j- -of | «sb|, therefore the fractions are it ?» and f . 
7x5x8=280 ^ ^^^ m±m^ ^ aAlL-=the 9V^ 

3x3x5= 45 i Numerators 



3x5xSx=lS0 CeHunon denondn^atpr. 

* The cases that most usually occur in pr^tice are the addition and 
subtraction of small fractions (that is, fractions of which the tenna are 
•mall} connected with whole numbers ; and these nmy be added or sub- 
^raeted separately^ taking care, in Addition, to take in with the whole 
numbers any ones that may be obtained from the sum of the fractions; 
and in Subtraction, when the fraction belonging to the smaller number 
exceeds that b^qngdigito^eJaifer^ 1 must be added to the smaller frac- 
tion ; and« to compensate it, 1 must be canted to the units of the smaller 
number. 

"i* BXAMPLB IN MtTLTIPLIOATION OF TUL64B PBACTIONS. 

(4.) To multiply 12 by |. n[iultiply 12 by 3, and diylde the product b^ i. 
In this way the product will be 36 divided by 4— that is, 9. 

t EXAMPI.B IN DIVISION OF YVLOAB FBACTIONS. 

<6.) To divide 9 by f , multiply 9 by 4 »nd divide th^e product by 3 ; the 
quotient will be 13. 
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8. Decimals. 

A DECIMAL is a fraction* tbe denominator of wliicli is 
always 10, 100, 1000, &c. — that is, 1 with a cipher or a 
number of ciphers annexed, the denominator not being 
written under the numerator, as in Vulgar Fractions, but 
implied by a point or dot placed before the numerator, 
thus, *1 is -iV ; '^^ is Tinfths, &c. 

In Decimal Fractions, the value of the places decrease 
m a tenfold proportion below unity ^ in the same manner 
as they increase in whole numbers above unity : thus. 



I 




1^^ uuil 



11 1 3| .s-af Mil 

Races..., 7 6543 2 1*1 2 3 4 5 6 
Examples 4444444*44444 4f 

* Though the way of expressing fractions, and performing the operations 
of Arithmetic with them, as explained in the preceding section, he that 
which accords strictly with the way in which fractions are naturally pro- 
duced, yet it is attended with considerahle trouble, in consequence of 
there being as many denominations of firactions as there can be diiOTerent 
numbers used for denominators. In order to avoid this trouble, an arti- 
ficial form of fractions has been invented, in which, as in whole numbers, 
tbe same figures of the numerators are always of the same denomination, 
and can be added or subtracted without any change. Fractions ia this 
form are called Deci$nals. 

They are so called because the denominator always consists of as many 
tms {decerns) multiplied together as there are figures in the numerator. 
And this not only prevents the trouble of changing the fractions, but also 
prevents the necessity of writing the denominations. A decimal, when it 
stands alone, is distinguished from a whole number by having a point ( * ) 
on the left of it. Thus, 5 is a whole number, and means ^ve,' but '5 is a 
decimal, and means ^ve-4etUhg, or one-haif. When a number consists 
partly of whole numbers and partly of decimals, the distinction is made by 
putting the point ( * ) between the one and the other : thus, 5*5 means Jhe 
and five-tenths, or five and one-ha^. 

f The dot being placed alter the unit figure, to distinguish the value of 

C 
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Ciphers, in decimal fractions, perform tlie same office 
as they do in whole numbers — that is, they fill up vacant 
places, and, by that means, keep the significant figures in 
their proper stations, and preserve their just value. But 
it is important to recollect, that ciphers added to decimals 
on the right hand, cause no difference in their value ; 
although when placed on the left, they diminish the value 
of the decimal in a tenfold proportion. 

To change a vulgar fraction to a decimal^ or, in other 
words, to ascertain the value or notation of a fhtction when 
expressed in a decimal, it is only necessary to find some 
number which, multiplied by the denominator, would pro- 
duce 1, with ciphers annexed; and the product of this 
number by the numerator will be the decimal ; or (which 
is the same thing) add a cipher or ciphers to the nume- 
rator, and divide by the denominator, and then the quo- 
tient will be the decimal.* 
- 

the places, all the places to the 1^ hand of the dot ave vhole numben, 
and aU to the right, decimals. 

* Because decimals increase their value towards the left hand, and de- 
crease their value towards the right hand, in the same tenfold proportion 
with integers, or whole numbers, they may be annexed to whole numbers, 
and worked in all respects as whole numbers ; and if simple Arithmetic 
be well understood, there is little more to be learned than the placing of 
the dot or separating point, the rule for which ought to be weU at- 
tended to. 

BXAMPLB8 IN BBDUCTION OP DBOIMALS. 



(I.) Beduce i to a decimaL 
8)10 

*5 Ans. 



(2.) Beduce ^». to a decimaL 
11)500 



•45 
(3.) VHiat are the decimals of i, |, and j respectively T 

Ans. *85, *75, and '875. 
(4.) What is the decimal of i VVV t Ans. -OQaiOiaCSSaSTSi. 
A TermincUe Decimal is one which extends to a limited number of 
places, as *4, '35, '635. 

IntemUnate Decimalt are those which extend without end, and are di- 
vided into four kinds : — 



1st. 
Pure Bepeaters. 

'22222 



Snd. 
Mixed Bepeaters. 

•4516 



8rd. 
Pure Circulates. 

•545454 



4th. 
Mix. Circulates. 

•587 
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Additipn and Subtraction. Care must be taken 
that the points which mark the beginning of the decimals 
be arranged under each other, and that only those figures 
which are equally distant from those points, whether on 
the right hand or on the left, be added or subtracted ; and 
on this being attended to, the operations are performed 
precisely in the same manner as with whole numbers.* 

Multiplication and Division. These operations 
are also performed with decimals precisely in the same 
miaaner as with whole numbers, the only difficulty being 

RepMten «re indioatod by tkjnini ovn fhea ; and djealttos, by %point 
orerihefintaiidlaatigvreflof fheeiicla. The figvraf on tiie left of the 
repeating ones an called ihe/bUieparL 

Maeh time may frequent^ be fared by oofnmitting a ftw of the princi- 
pal decimala, witii their corresponding vulgar firactions, to memory. For 
instanee, if the leaner recoUeet that *85aB i, then aa fie. ia ^ of a poond 
sterling, 8 inches i of a foot, 6 houn ^ of a day, ftc, he would not heeitate 
to wiite *85 for any of these. On the contraiy, he would instantly con- 
clude, if he knew that 'lb «» f , that *7SI. must be 15s. Then, also, '5 being 
equal to hslf any whole, *fiL must be 10s., -5cwt mnat be Sqrs., and 
'Sib, must be 8oi. aToirdupois. The following are a £ew of the leading 
decimals, which will greatly assist the leaner if he hare tfaem always at 
command; others will be found in the Tables at the end of this chapter :-- 



Toffior^i Sequel, 



•2&^i '135^1 -assail 

•75-rf -05 ^ -0883== /y— 

TO KBDUOa A DIOIMAL TO A TULOAB FKAOTIOlf. 

To xeduce a decimal to a vulgar fraction, the decimal may be written 
over its proper denominator, and then the fraction reduced to its lowest 
terms, as in page 11 : thus, -175 = ^ 'aY^— 1\ 

* BXAMFLBS III ADDITION AND SUBTRACTION OF DB0IXAL8. 

(5.) Add *47, -68, snd -27 together. 
•47 
•68 
•27 

Sum 136 

(6.) Add 51-43» 90*02, and -076 

together. 

51-43 

9002 

•076 



Sum 141-326 



(7.) From 8*42 take 4*6. 

S-42 
4*6 

Rem. 8*82 



(8.) From 1 take '954. 

1 
0-954 

Rem. '046 
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to detennine how mucli of the result ought to be consi- 
dered as decimals, and how much as whole numbers — that 
is, in what place of the product or quotient the dot or 
point should be inserted.* 

9. Square Root 
The root of any given number or power is such a number 
as, being multiplied by itself a certain number of times, 
will produce such given number or power. Any number 



* In Multiplication this is easy, for we have only to cocmt the nomber 
of decimal places (that is, the number of figures after or at the right of the 
point) tiiat are in Uie multiplicand and multi|dier, and aDow as many de- 
cimal places as there are in both; and if the product (which may happen 
sometimes to be the case) shall not have as many figures, the deficiency 
must be made up by prefixing ciphers to the left, and placing the point 
before these. 

In Division there is a little more difllenlty. The general principle^ in* 
deed, is sufiiciently simple^the dividend, being the product of the divisor 
and quotient, must contain as many places of decimals as both of tiiem; 
and therefore, when the quotient is found, as many ftguret tmut he pomUi 
<2^m ajbr deetSMtir, at the decimal plaeea in ihe dMdend exceed Ihoee m the 
ditfitor. But as the quotient is not found until the division be performed, 
and as ciphers have sometimes to be put at the beginning of it, to make 
up the proper number of decimal places, it will be necessary to consider 
how many places will be required, so as to allow space for a sufficient 
number of ciphers in the dividend and quotient. 

BXAMPLKS IH MULTirLIOATIOK AND DITISIOlf OP DB0IMAL8. 



(9.) Multiply -2161 by -95. 
•2761 
•35 

138^ 
8283 



•096635 



(11.) Divide 5S7-64 by 84'& 

S4'8 ) 597-64 ( 81-S 
496 

"sis 

948 

"684 
496 

188* 



(10.) Multiply -04764 by OSSb 
•04764 
•025 



93890 
9528 

•00119100 

(12.) Divide 15004 by -9291 

•929 ) 15004-000 ( 16150 
929 

5714 
5574 

"l400 
929 

mo 

4645 



whicb, being multiplied by itself once, piodocea a iqu&re 
number, is called tbe square root of such numbei.* 

TABLE OP ROOTS AND SQUABBS. 



Boom | 1 


» 


' 


* 


S . 


7|.|. 


Sq»u» j 1 


4 


> 


il 


a 


J. 


•I"!" 



To square a ntintber is to niultipl; that numbet by 
iuelf. 

To extract the s^iare root of a ntmber is to find a 
number which, miiltiplied by itself will produce the Dum- 
ber proposed. 

• SuppoH ft j^ece of paper, of the tarta In the I .., J I ' I I "' 

musin, is 6 tOGbM long ud 5 incbs wUe, It i* | | I I 

plain fiom the figure, Chat it maj' be cut into t& 



ncheaK 



iiUpai 



from ajij aide of it, and divide it into 5 equaJ 
part«» each part vill be an inch loo^ and an inch 

wide— lhatia,eaehoflheKwiUbeaiquaieinch. — 

But. the whole paper luajf be cut Into u maoj I I I ' I 
■uch illpa M it is Incbei to bienlth ; Ihii piece of 
paper, therefore, maj be cut Into 9 inch slips, sud — 
each slip wSl contsta 5 square hicbei: Ihos the |_ 
whole vould be cut into b times S, or 29 square p 
inches — that ig, to adopt the more usua] terms. ^ 
tlie ares or content of the psper vlU be S9 square | 
inches. This sna li obviousl; found by multi- r- 
pljing the number of squsre Inches in each slip L 
by the Dumber of slips, or. in other, words by |~ 
muHipljing the inches which the paper measures *— 
in length b; the inches it messures in breadth. But, hi this case, when 
the tength and breadth an eqiwl. the content must be found by multl- 
pljing the number of inches in rithei side by itself. Now, geome- 
tricians would csll a piece of psper like that we have been consider- 
ing, a tquarc ; and hence the number Ihst expresses the contents of > 
square is denominated a iquare munber. It Is plain from the pre- 
ceding remarliB, that this number will always be the product of some 
nnmbei multiplied by ilselt The product of any number multipUed by 
itselt is called a ijuare, or the square of the number by which it is pro- 
duced : thus, £9 is the iqusre of A. The number which is multipUed by 
itself to produce a square number, is called the ijuart ml of the product ; 
thns, a is the square root of 23.— raytor't Sepiel. 

c 3 
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Rule.-*- Divide the given number into periods of two 
figures each, beginning at the place of units on the right 
hand, and pointing toward the left in integers, and toward 
the right in decimals ; find the greatest square number 
contained in the left hand period, place its root in the 
quotient, subtract its square from the period, and to the 
remainder bring down the second period for a dividend ; 
double that part of the root already found, and insert it on 
the left hand of the dividend ; divide by it, omitting the units 
place ; set the result in the quotient, and annex it also to 
the divisor ; multiply the divisor thus completed by the last 
figure placed in the root ; subtract the product from the 
dividend, and to the remainder bring down the third period 
for a new dividend ; proceed in the same manner till aU 
the periods are brought down.* 

* Vtriien the proposed number is included in the above table of squares, 
its root is found by inspection : thus, the square root of 16 is 4 ; and of 36, 
is 6. When the number is large, it becomes necessary to operate accord- 
ing to the above rule, it being recollected, that the root consists of as 
many whole numbers and decimals as there are periods belonging to 
each ; and that if there be a remainder after all the periods are used, the 
operation may be continued to any extent by adding ciphers. If the 
number to be extracted be entirely decimal, a cipher may be put in the 
units place of integers, and the first point placed over it. 

BXAMPLBS IN SQUA&S BOOT. 



(1.) Required the square root 
of 15376. 

15376 ( 124 Root 
1 

22)"5r 
44 

244) 976 
976 



Proof 124 X 124 = 15376 Square. 



(2.) Required the square root of 
63214-713. 

63214-713(j(251*42 Root required 

4 



45)232 
225 

501T714 
501 



5024 ) 213-71 
200-96 



50282 ) 12*7530 
100564 



251-42 
251-42 

50284 
100568 
25142 
125710 

50284 

63212*0164 
2*6966 



2*6966 Proof 63214*713 
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Proof. — Miilliply the root by itself, and add the last 

remainder, if any, to the product : the sum will equal the 

number proposed.* 

10. Cube Root. 

A cube number is a number produced by multiplying 

a number by itself, and that product again by the first 

number. 







TABLE OP ROOTS AND CUBES. 




Roots 


1 

1 


2 

8 


3 
27 


4 

64 


5 


6 


7 


8 


9 


Cubes 


125 


216 


843 


512 


729 



Roots of TQlgar firactions are found by extracting the root of the nume- 
rator for a new numerator, and the root of the denominator for a new 
denominator ; but if that cannot be done exactly, the vulgar fraction may 
be reduced to a decimal, and worked as before. Bfized numbers may be 
reduced either to improper fractions or decimals, and then extracted. 

TO FIND A QBOMBTBICAL MBAfT. 

A usefiil application of this rule is in finding a mean proportional be- 
tween two given numbers. This \b done by multiplying such numbers 
together, and extracting the square root of the product, which is the 
mean proportional between them : thus, 



(3.) Required a geometrical mean 
proportional betwen 36 and 64. 

64x36»2304(48An8. 
16 

88)"to4 
•704 



(4.) Required a geometrical mean 
proportional between 2*5 and 57*6. 

OT-6X 2-5=:^ 14400 (12 Ans. 
1 

22 JIT 
44 



GUAGB POINTS. 

This rule is also extensively used in the construction and application of 
the sldding^nUe, the marks upon which technically called guaf^-foinit, being 
nothing more than the square roots of the number of inches which, in the 
ordinary mode of calculation, it is necessary to use as divisors for reducing 
solid inches into gallonfl^ bushels, &c. (See the description and use of the 
sliding-rule ; and also the tables of roots, squares, guage-points, &c.,t90ti.) 

* By means of the square root we readily find the fourth root, or the 
eighth root, or the sixteenth root, &c.~-that Ib, the root of any power 
whose index is some power of the number 2 ; namely, by extracting so 
often the square root as is denoted by that power of 2— that is, two ex- 
tractions for the fourth root, three for the eighth root, and so on. Thus, to 
find the fourth root of the number 21035*8, it would require two operations 
as follows : — 

21035*8b(K) ( 14b'0^237 ( 12-0431407, the fourth root 
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To cube a number is to multiply it twice by itself.* 
To extract the cube root of a number is to find a num- 
ber which, multiplied by itself, and that product again by 
itself, will produce the proposed number.-f- 

Rule.— Divide the given number into periods of three 
figures each, beginning at the right hand in integers, and 
pointing toward the left ; but in decimals, begin at the 
place of thousands, and point toward the right ; find the 
greatest cube number in the left hand period, and place 
the root of that number as the first figure of the root 
sought ; subtract the number itself from the said period, 
and to the remainder bring down the next period for a 
dividend ; on the left of the dividend vrrite three times the 
square of the first quotient figure for a trial divisor^ by 
which, omitting the two figures to the right hand of the 

* If a pie«e be saim out of a tree of a sqnare form, an inch long, an' 
inch wide, and an inch thick, it would be what is called a soHd inch, as in 
the margin ; and the geometrical name of such a 
solid is a aAe, Now, if we suppose a piece of 
timber of the form of a cube is 3 inches long, 3 
inches wide, and 3 inches thick, it is plain, from 
inspecting the figure, that it may be cut into 3 
oblong pieces, each 3 inches wide, 3 inches long, 
and 1 inch thick. Each of these oblong pieces is 
a square of the side, and may be divided into 9 
pieces, each 1 inch long, wide, and thick, or into 
9 solid inches. But there are as many of these 
oblong pieces as there are inches in thickness ; 
and, consequently, the whole cube may be divided 
into 9 X 3, or 97 solid inches. H«aee it appears, 
that the content of a cube is found by multiply- 
ing the square of its side by the root ; or, which 
is the same, by multiplying the side, by itself, and 
that product agam by the side: thus, 3 x 3 » 9^ 
and 9 X 3 = 97. 

i When the proposed number is ineluded in the abore table, its root Ib 
found by inspection : thus, the cube root of 27 is 3. VHien the root is 
large, it is necessary to operate according to the above rule, which is ex- 
tracted from the last edition of ** Gray's Arithmetic," by Mr. Rutherfbrd, 
of the Royal Military Academy, Woolwich. The usual method of extracting 
the cube root, as inserted even in our best books of arithmetic, is very 
tedious, especially whoi moze than three or four figures are to be found. 
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dividend, find tlie next figure in the root ; on the left of 
the trial divisor, and one line lower, write the quotient 
figure thus found in the place of units, and three times 
the part of the root formerly found, write in the place of 
tens, hundreds, and so on ; multiply this last numher by 
the last figure in the root, and place the result as it arises 
below the trial divisor, but two places further to the right, 
and the sum of these two lines will be the complete di- 
visor ; multiply the complete divisor by the quotient 
figure, placing the product below the dividend ; subtract, 
and place down another period ; imder the complete di- 
visor write the square of the last quotient figure, and the 
sum of this square and the numbers in the two lines imme- 
diately above it, will give another trial divisor, with which 
proceed as before.* 



* When fhe trial diyisor is not 
contained in the dividend, omiting 
the two figures on the right, affix 
two ciphers to the diTisor and 
another period to the dividend. 

XXAMPLl. 

What is the cuhe root of 477 T 
By the preceding table of cube 
nnmbers, the int^;ar figure of tiie 
roof will be found to be 7; and by 
an attentiye perusal of the an- 
nexed worked example, the learner 
win find that the process is not 
much more difficult than that of 
extracting the square root The 
numbers 218, 8341, &c., in the left 
column, are easily found by writing 
the last found figure of the root in 
the place of units, and multiplying 
the former figures of the root by 8, 
and writing the product as it arises 
to the left ^the uxdts figure. The 
last figures of the root are found 
8im]^y by dlTision, since the figures 
in the left of the dirisor remain 
unchanged in the succeeding steps 
of the operation. (See the tables 
of roots, cubes, ftc, infra.) 



.48 
49 



818. 



147 
. 1744 



477(781338923 
343 ( Root 
— \ sought. 
134000 



16444 181558 

64 



18^2 
2341.... 2341 



2448000 



1827541 1827541 

1 



1829883 
83433.... 70299 



680459000 



183058599.... 549175797 
9 



183138907 
834393.. 703 L79 



71283203000 



18313593879. . . 54940781637 
9 



163424.21363 



18314,8970617 146514 

16910 
16483 



427 
366 

Hsi 

55 
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11. Progression, 

When several numbers follow in succession they form 
a series. 

When a series of numbers increases or decreases in a 
regular manner, they form a progression. 

A series of numbers which increases by a regulpj: addi- 
tion, or decreases by a regular subtraction, is called an 
arithmetical progression. 

A series of numbers which increases by a regular mul- 
tiplication, or decreases by a regular division, is termed a 
geometrical progression.* 



* Thus, 1, 3, 5, 7, 9, is an arithmetical progression, consisting of 5 terms, 
whose common difference is 2, and whose extremes are 1 and 9 ; and 
1, 2, 4, 8, 16, is a geometrical progression, consistiag of 5 terms, whose 
ratio is 2, and extremes 1 and 16. 

The last term of an arithmetical series may be found hj multiplying the 
number of terms, diminished by unity, by the common diffierenoe, asid 
adding the product to, or subtracting it from, the first term of the series, 
according as the series increases or diminishes. And the sium of all the 
terms may be found by multiplying the sum of the extremes by half the 
number of terms, or multiplying half the stun of the extremes by the num- 
ber of terms. 

Thus, if the first term of an arithmetical series is 3, the common differ- 
ence 2, and the number of terms 12, the last term, and the sum of the 
series, will be found as follows :— 

llx2 + 3 = S2 + 3B=25slast term. 
And (3 + 25) x6 = 28x6 = 168 = sum of the series. 

The last term of a geometrical series may be found by raising the 
ratio (which may be either an integer or a fraction) to the power denoted 
by 1 less than the number of terms, and multiplying the number thus 
found by the first term of the series. And the sum of the series may be 
found by multiplying the last term by the ratio, and diriding the differ- 
ence of this product and the first term by the difference between the ratio 
and unity—observing that in a descending series continued to infinity, the 
last term == 0. Thus, if a geometrical series contains 6 terms, the first 
term of which is 7. and the ratio 3, the last term and sum are found as. 
follows : — ^ 

3* x7 = 3x 3x3x3x3 x7== 243 X 7 » 1701 = last term. 

And n Olxa-7 ^ 5103-7 ^ 3549^ snm of series. 
3—1 2 
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Part II. — ^Arithmetic of Quantities. 

The Aritlunetic of Quantities, or Practical Arithmetic, 
is nothing more than the application of the principles which 
have been already explained to those qualities, circum- 
stances, or relations of things which determine their value 
in the commerce of the world. 

These qualities, circumstances, and relations upon which 
the value of things depend, are very numerous ; but the 
principal, if not the whole of them, as used for arith- 
metical purposes, may be brought under the several kinds 
of weight, measure^ timef and money »,* The rules most 
commonly used in the operation and application of quan- 
tities, are Reduction, Compound Addition, Compound 
Subtraction, Compound Multiplication, Compound Divi- 
sion, Compound Proportion and Practice. 



* freights are all of the same kind, although diffisrent in denemiiuition ; 
and if the relation between them be known, a quantity expressed in any 
one denon^ation can always be expressed in any other denomination. 

Meaiure may dtflRsr, not merely in denomination, but absolutely in kind. 
Simple extension, for instance, is totally different fh>m surface, and can- 
not, m any way, be compared with, or changed into, it ; for the greatest 
extent of mere length would not make a single inch of surface. Solidity, 
or capacity, is difl^ent from both of the other two, and cannot be con- 
verted into them, or they into it ; neither can they be compared, so as to 
say which is the greater and which is the less. 

Time is a quantity, not only different fVom all these, but much less easy 
to understand ; in fact, when we come to apply numbers to time, and 
attempt to say how long or how short it is, the thing that we really esti- 
mate is not time, but motion. If we had no contrivance except those 
quantities themselves, we should never be able to know any thing about 
the comparative greatness and value of those which were of different 
kinds. This renders it necessary to introduce another quantity, which 
shall not belong to any of these kinds, but which may, when necessary, be 
the representation of them all ; this quantity is that which we call Money, 
whether it be composed of a substance which has real value in itself, like 
silver or gold, or whether its value depend upon the faith or confidence 
that people have in each other, as is the case with a bank note.— Cotnpjei? 
Gooemeit, 
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1. Weighty Measure^'* Time^ and Money. 

Weight determines the quantity of matter that is in 
anything. The standard from which (considered as unit) all 
measures of weight are to he computed, is the *' imperial 
standard troy pound." This standard, if lost, is to be 
restored by the following calculation : — ^if a cubic inch of 
distilled water be weighed in air by brass weights, at the 
temperature of 62 degrees of Fahrenheit's thermometer, 
the barometer being at 30 inches, it is equal to 252*458 
grains ; and 5760 of such grains are to be a pound weight 
troy. (5 Geo. IV. c. 74, s. 6.)f The proportions of troy 
and avoirdupois weights, as regulated by the Act last 
cited, s. 4, are as follows : — one twelfth part of the 
pound to be an ounce ; one-twentieth of such ounce, a 
pennyweight; one twenty-fourth part of such penny- 
weight, a grain ; so that 5760 such grains is a troy 
pound, and 7000 such grains a pound avoirdupois ; one- 
sixteenth of the pound avoirdupois is an ounce ; and 

* The standard of BritiBh weightg and measures are now regulated by 
5 Geo. rV., c. 74, and 5 and 6 WilL lY., c. 63. Standard weights and mea- 
sures, yerified under the direction of the Treasury, are to be deposited in 
the office of the chamberlain of the Exchequer at Westminster, and 
verified copies thereof sent to such place as the Treasury shall dlx«et, and 
other copies deposited in counties, cities, &c., under the direction of the 
magistrates. (5 Geo. IV., c. 74, s. 11, 12.) And all copies of such weights 
and measures yerified and stamped at the Exchequer, are deemed l^aL 
(5 and 6 Will. lY., c. 63, s. 4.) 

■f All articles sold by weight are to be sold by ayoirdupois, except gold, 
silyer, platina, diamond, and other precious stones, which maj be sold by 
troy weight ; and drugs, which, when sold by retail, may be sold by apo- 
thecaries* weight. (5 and 6 WilL lY., c. 63, s. 10.) Troy weight is also 
used for experiments in natural philosophy, and determining the strength 
of spirits. In apothecaries' weight, the pound weight troy is used ; but 
the ounce is divided into 8 drams, and the dram into 8 scruples ; so that 
the latter is equal to 80 grains. The excise duty on glass, hops, pi^ier, 
and soap, are charged by avoirdupois weight. For scientific purposes, 
the grain only is used ; and sets of weights are constructed in decimal pro- 
gression, from 10000 grains downwards to riv of a grain. 
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one-sixteentli of sncli ounce, a dram. And, by 5 and 6 
Will. IV., c. 63, s. 11, it is declared, that 14 pounds are 
1 stone ; 8 stones, 1 hundred weight ; and 20 hundred 
weight, 1 ton. Specific gravity'* is the relative weight or 



By comparing the number of grains in the aYoirdupois and troy ponnd 
and ounce respectively, it appears that the troy pound is less than the 
ayoirdui>oi8, in the proportion of 14 to 17» nearly ; but the troy ounce is 
greater than the avoirdupois, in the proportion of 79 to 72, nearly. One 
i>ound troy is equal to 13oz. 2idrs. avoirdupois. 

The usual mode of ascertaimng the weight or quantity of any substance, 
is by placing such substance in a balance, or an authorised measure, and 
comxMcring it with a given standard. But, under the excise laws, as it 
would frequently be inconvenient, if not impossible, to submit the articles 
to these tests, the weights or measures are determined by various sum- 
mary admeasurements, amounting, in some cases, only to an approxima- 
tion to the true quantities ; but which are, nevertheless, sanctioned by 
law; and the quantities so ascertained are made a charge upon the 
traders. These summary admeasurements are caHed '* guaging,'* and will 
be fully described in subsequent chapters. In cases where the amount of 
duties are chargeable by actual weight, the excise traders are required to 
keep just scales and weights for the use of the officers ; and penalties are 
imposed upon traders using unjust scales or weights, or using any con- 
trivance so as to impede the officer in taking a true account (10 Geo. III., 
(i. 44, s. 1, 2; 26 Geo. III., c. 77, s. 8; 28 Geo. III., c. 37, s. 15, &c.) The 
characteristics of a good balance are three : 
1st. The beam (A B) should rest in an hori- 
zontal position when the scales (ED) are 

either empty or loaded with equal weights, a ^ 11^^*^^ , a IT 
2nd. A very small addition of weight put into 
eithw scale, should cause the beam to deviate 
from the level. 3rd. The beam, when de- 
flected, should have a tendency to restore it- 
self. And the best mode of testing the accu- 
racy of the balance, is to change the weight 
from one scale to the other. 

• Rainwater, in consequence of being less subject to variation than any 
other body, has been taken as the standard of comparison for specific 
gravities ; and, by a fortunate coincidence, it happens, that a cubic foot of 
rain water weighs exactly 1000 ounces avoirdupois, if its heat be 60 degrees 
by Fahrenheit's thermometer. When its temperature is raised to 100 
degrees, however, it increases its volume to ttt of its bulk. Water, 
therefore, at the heat of 60 degrees, has been called 1000 ; and it is indif- 
fierentiy expressed 1000, or decimally, 1-000. And when we speak of the 
specific gravity of any other body, we express It in figures which show 
how many times 1000 ounces of such body a cubic foot contains. If more 
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gravity of any body or substance ccmsidered with legard 
to some other body, (water, for instance,) which is assumed 
as a standard of comparison. 

than 1000, we see that it is heavier than water; if less, that it is lighter 
than water. AU bodies wei{^ in prop o r ti on to tii^ partielefl of svavi- 
feating materials. Gold, for instanee, is more minute, simple, and oobe- 
sive than any other hody ; and we say that its specific gravity is apwaxds 
of 19 ; the meaning of which is, that a given cuhic foot of g<dd will weigh 
19 times as much as the water that could be contained in a veesd the 
capacity of which is equal to one cubic foot In this manner, if tbe^sam^e 
substanee be weighed in two different fluids, the weight which it loses in 
each will be the specific gravity of the fluid. And as a soUd, when 
weighed in water, lotet of its weight a quantity precisely equal to the 
weight of its own bulk of water, the specific gravity of any such solid ma,y 
be found by the following rule :— Divide the weight found on weighing 
the article in air by the loss of weight In watjer; the quotient is the 
specific gravity. Thus, if a portion of glass weighs 8387*8 grains in air. 
and 1405*6 grains in water, and the total wdght be divided by the loss, 
which is 988*8. the quotient or specific gravity of that glass wifi be 2*491. 
If the solid be so light as to float upon water, it is ponveniettt to attach to 
it a heavier body, sui&cient to cause it to sink, but the weight of which, 
ia water, must be added, in computing the loss. The specific gravity 
of fluids IB ascertained by weighhig a known body immeraed in them ; 
for the loss by immersion will show the weight of the same bulk of the 
fiuid ; and, consequently, the proportion of t^ese several quantities to the 
loss the same solid sustained in water, (being reduced, as in the other 
case, to the standard of unity,) will exhibit the specific gmvity. Yarious 
modes have been devised for ascertaining specific gravities, u^n the 
principle that bodies immersed in a fiuid meet with a resistance propor- 
tioned to the specific gravity of such fluid. One of these is the S^^dnn 
gtatie Bakmee» which differs firom a common balance ohiefly by ha;viBg 
a smiUl hook under its scale, ttom which 
hook is suspended, by means of a horse 
hair, or thread of silk, &c.» the di& 
ferent bodies to be tried, so that they 
may be immersed in water without 
wetting the scale. A species ef steel- 
yard balance is sometimes employed 
for this purpose, as represented in the 
margin. 

Another snch instrument is the fiydnomefer, <tPQim iSBbf , *' water,** and 
fiirgw, a " measure,") which is a test of tin density or gravfty of 
water, and ts mer^ a ready substitute for the hydrostafiic balance, to 
which it is preferred, on account of the ease and ezpeditton with which 
it can be used, so as to ascertain the quantity of spirits or alcohol, 
whethfr pure or mixed with water. For this reason it has been adopted by 
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Meamre is of three distiiict kinds. 1st. Simple »• 
tenaitm, or lineal measure. 2. Soi&ce, or twperfieial, 
uBiully called " Square Meuore." S, Solidity, or eapa- 
eiitf, naoally called " Cubic, or Solid Heasuie." The 
standard from which, (conaidered as unit,) all measoies of 
extent, whether lineal or miperftdal, are to be computed, 
is the " imperial standard yard," which, if lost, ia to be 
Kstored by a peadnlnm vibisting seconds at London in 
die proportion of 36 to 30-1398. (5 Geo. IV., e. 74, 



garerament (o ueerUio the «i«igt]i ot ■plrllDoai Uquon. 

Bie ^ecUlc gnri^ of proof ipiiiti U ucsrUlnsd to be 

323, tt the hs^of HP; and the leUtian vhlol) *U olbet 

■pliita hM to thU •tuidud or proof, is eipreued h; H7- 

Ins that tluj ira u Bnch oxr 01 tmdtr proof; w nheo 

it is nid thU ■> Bpiiit ii » per cent, orer proot it 

impUea that 100 gallani of it will admit ol K gdloiu 

of water to redoes it to the itieiigth of jirootj and If it be 

2S per oent. under proof. It la cotuldered to contain 

29 gallDcu ol water more than !• contained in UW 

(iDoni of proof tplriti. Thii loattument eoniiili of . 

a caliper haU with a alem, on which la nuiked a 

acale of equal parta, or degree*. The point to which the ateu duki li 

Baler being aicertained and maxked on the icale, we can tell how man) 

degrees an; other liquid i« beaiier or lighter, b; obiervlng the point tc 

vhich the stem aloki It Itii uedln coojunetionwith the thermometer. 

in order, that proper aUowance maj be made for 

denaatioD earned bj the temperature. 

The Sacdunateter, aj its name Importa, if a d 
aaccharine matter. The one now need in the Baciee in Eaglajid, la BATi^'a 
tasehanmeter, (S Oeo. IV.. c. SV. and Oeneral Order,) which la about 
T^in. long, contiBtingofanelUptlcalbaU, or float. withaOat graduated Btem 
of {Uiikin length,hBviiigaBmKlL1oopsl the bottom. This instrument may 
be laid to be an bydrameter, calculated to ahow the apecific graTlly of 
ii(iiul,lnatdadaf^iiiti; for. aa iplrUuoni Uquora are adong in proportion 
<o their lerity, or weak, in prcportloD to their gmitr. and ai the bjdro- 
meteiwill aiakdeqier Imtrong, than in weak, apiriti.ao theaaccharomecet 
will aink deeper in wiak, Qaa la atrong, aorta. When, therefore, a watt 
i) aajd-tobe SOlbc or SO degreea grailt;, Ijia meaning la, that 38 gallona of 
Mich liquid wel^ ita weight of water and WlbaL more 1 to that. amoDg 
diatlUera aiui hiewenk bf degteea of graritr ia meant the eueaa of the 
weight of worta aboie that of an equal balk of water in 1000 parta of the 
lauei. Hence, the heavier the mall '"''"^"■v ai mrU, aa it ia tenned, tb« 
D 2 
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8. 3.) The proportions of lineal measure,* as regulated 
by tbe Act just cited, s. 1, are as follows: — one-third 
part of the standard yard to be a foot, and the twelfth part 
of a foot, an inch ; the pole, or perCh, to contain five and 
a half yards ; the furlong, two hundred and twenty yards ; 
and the mile, one thousand seven hundred and sixty yards. 
The proportions of superficial measure declared by the 
same Act, s. 2, are as follows : — the rood of land is 1210 
square yards ; and the acre, 4840 square yards, being 
160 square perches, poles, or rods. The standard from 
which, (considered as unit,) all measure of capacity^ as 
well for liquid as for dry goods, are to be computed, is the 
** imperial standard gallon, "-f-containing lOlbs. weight avoir- 



greater the yalue, since it holds ia solution a greater quantity of saccha- 
rine matter. Tables and instructions always accompany these iostrU'- 
ments ; and a little practice renders them easy of application. 

* The Scotch ell, and all local or customary measures, are abolished as 
standards. (5 and 6 Will. lY., c. 63.) An inch is the smaHest lineal mea- 
sure to which a name is given ; but subdivisions are used for many pur- 
poses. Among mechanics, the inch is commonly divided into eightht ; 
by the officers of the revenue, and by scientific persons, it \^ divided 
into tenifut hundrecUhf» ^. For measuring long distances, surveyors 
use Gtmter^s chains or the Ferambulator. For measuring lengths, breadths, 
and depths in guages, &c., rules, rods, and measuring tapes are used, as 
explained In the proper places. The dimefuions of bodies are taken 
by lineal measure ; but their contend are calculated by cubic measure. 
The excise duties on post horses are piUrtly charged according to Gzheal 
measure, or distance. 

■I- The 6 Geo. lY., c. 58, s. 6, directs, that in <'a]I acts relating to the 
Excise, whenever and fbr whatever purpose any gallon is mentioned, it 
shall be deemed a gallon, imperial standard gallon measure ; and when- 
ever any other measure by name is mentioned, it shaH be deemed to 
be a measure formed of the usual number of gallons, each such gallon 
being imperial standard gallon measure; and all duties, allowances, 
drawbacks, payments, accounts, and reckonings of or relating there- 
to, under any law of excise, shall be made and kept according to such 
imperial standard gallon measure only, or some multiple, part, or pro- 
portion thereof. (See, also, 5 Geo. lY., c. 74 ; 6 Geo. lY., c. 12 ; 5 and 
6 WiU. lY., c. 63.) By the imperial gallon the excise duties are charged 
on spirits and vinegar; and on malt they are charged by the imperial 
bushel. The Winchester bushel, and all local or customary mea9iiie8» 
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dupois of distilled water, weighed in air, at a temperatuie 
of 62 degrees of Falireiilieit*s thermometer, the barometer 
being at 30 inches (5 Geo. 4., c. 74, s. 6) ; conse* 
quently the pint will hold l^lbs.; and the bushel, 80lbs. 
The proportions of the measure of capacity , as regulated 
by the section last cited, are as follows : — the quart to be 
the fourth part of the standard gallon ; the pint, the eighth 
part of such gallon ; two gallons, one peck ; eight gallons, 
one bushel ; and eight bushels, one quarter. 

Time is the measure of motion and the succession of 
thoughts ; and moneys the portable standard equivalent 
for commodities, labour, and value transferred. 

For the purpose of saving time in calculations, these 
various matters are reduced to tables, the mode of making 
which will be shown in the subsequent sections, and the 
tables themselves will be given at the end of the chapter. 

2. Reduction. 

Reduction is the conversion of numbers from one 
denomination to another, but still retaining the same value. 
To reduce from a greater denomination to a less one. 
Rule. — Consider how many of the less denomination 



are abolished. Heaped meagures are also abolished ; but such articles as 
have heretofore been sold by that measure, and are incapable of being 
stricken, may be sold by a bushel containing SOlbs. avoirdupois of water, 
with a round, plain, and even bottom, and being 19^ inches from outside 
to outside, or by any multiple or aliquot part thereof, filled in all parts as 
necurly to the level of the brim as the articles will admit. (5 Geo. lY., c. 
74, s. 7 ; 5 and 6 WilL IV., c. 63, s. 7, 8.) Several denominations of mea- 
sure have been adopted for liquids ; but many of them may be considered 
rather as the names of the casks or vessels in which the commodities are 
imported, than as expressing any definite number of gallons. It is now 
the practice to guage all such vessels, and charge them according to the 
actual quantity found therein. 

Square Measure, Cubic or Solid Measure, and the Measure of Capa- 
city, being those with which the practical officer is chiefly concerned, 
ought to be firmly fixed on the memory. 

D 3 
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make one of the greater, and by that number multiply the 
given number ; the product will be the answer.* 



* BXAMPLB8 XN 

(1.) Reduce £1 sterling to fsirtluiigs. 
£1 
90 

20 shillings. 
18 

840 pence. 
4 

Ans. 960 farthings. 

(3.) Reduce 1 bushel to solid inches. 
277-274 X 8 = 2218-192. Ans. 
(5.) In 1 ton how many ounces 7 
1 ton. 
20 

20 cwt 
4 

80 qrs. 
28 

8240 Ihfl. 
16 



Ans. 35840 oz. 



BBDUCTION. 

(2.) Change 960 farthings into 
their highest denomination. 

4 ) 960 farthings. 

12 ) 240 pence. 

20 ) 20 shillings. 

Ans. 1 pound. 

(4.) Change 2218*192 soAid inches 
to their ^hest denomuuition tai 
imperial measure. 

2218-192 -r 2TT-274 = 8 galls. 
Ajid8-r'8 — IbusheL 
(6.) In 35840 oz. how many tons 1 
4 ) 35840 oz. 



"1! 



) 8960 
4 } 2240 lbs. 
)'560 
4 ) 80 qrs. 
20 ) 20 cwt. 
Ans. 1 ton. 

(8.) In £351 13s. Oid.» how many 
farthings? 

(10.) In 11488 oz., how many cwt.T 

(12.) In 135 gallons how many 
bushels 7 

(14.) In 2016 pints how many 
tons 7 

(16.) Reduce 25 days, 7 hours, 50 
[ minutes, to minutes. 
By applying these rules to the standards and regulations respecting 
weights, measures, &c., (see the preceding section,) Tables are constructed 
showing the r^atire value of the different denomixiations, and of any 
given number of other denominations ; of which the most useful will be 
found at the end of the present chapter. Thus, the Table of Sterling 
Money is merely a continuation or extension of the above calculation, 
example 1. Measure of Capacity is founded upon such calculations as in 
example 3; Avoirdupois Weighty upon such calculations as in example 



(7.) Reduce 337587 farthings to 
pounds. 

(9.) Reduce 6 cwt. 1 qr.. 18 lbs. to 
ounces. 

<11.) Reduce 16 bushds, 3 pecks, 
1 gallon, to gallons. 

(13.) Reduce 1 ton of wine to 
pints. 

(15.) Reduce 86470 minutes to 
days. 
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To reduce from a Use denominator to a greater one. 
Rule. — Divide the given number by as many of the 

5; and the other Tables ot Weights, Measoxet. &e., are founddd on 
similar piinciplei. 

When, in Reductioii descending, there are oompoimd noinbers, they 
most be added or taken into the same denominations as the caienlatlODa 
proceed. And when, in Reduction descending, there are remainders after 
dividing, they witt have the same denominations as their respectiye divi- 
dends, and, in the answer, must be brought down and considered accord- 
ingly. When there are denominations between the proposed and reqoired 
ones, it is frequently the best to reduce the proposed to the next less or 
greater denomination, and this to a next less or greater again, and so on, 
until it be reduced to the denomination required, as in the foregoing 
examples. But when the extreme denominators are known, and can be 
conveniently multiplied or divided, the calculation will be shortened by 
using them. 

When the extreme denominator is such a sum as cannot be conve- 
niently used as a divisor, the proper result may frequently be obtained by 
Multiplication, instead of Division, by the use of what is technically called 
& factor, which, as its application is very common in excise calcvlatixms, 
it may be prop» to exidain in this place. 

TO FIND A FAOTOB. 

A factor may be found by the Rule of Three, as follows :—^ tie given 

dMtor ii to tmiy, so u unity to the factor sought. In other words« if 1, with 

a sufflcient number of decimal ciphers, be divided by the given divisor, a 

sum will be obtained which, when used as a multiplier, will produce the 

same results as dividing by such given divisor : thus, a bushel contains 

2218*193 solid inches ; and a gaUfm, 277*274 solid inches ; which sums, or 

numbers of inches, are, therefore, the proper divisors for reducing solid 

inches to bushels and gallons respectively (see ezan^ple 9, page 30) ; but as 

these divis<Nrs are large and inconvenient, it is desirable to obtain factors 

which may be used instead of them ; we therefore divide unity by them 

as follows : — 

2218-192 } 1000000000 ( -000451 277*274 ) 1-000000000 ( -003607 

8872768 831822 



11272320 1681780 

11090960 1663644 



1813600 1813600 

2218192 1940918 



The quotients are the factors for reducing solid inches to l^ushels and 
gallons respectively; and, in the same way, factors may be obtained for 
reducing inches into pounds' weight of various commodities, as well as 
for money, &c., of which factois proper Tables are inserted in a subse- 
quent part of this work. To show that these factors will produce the 
same result as if the divisors were used, an example in each case may 
be selected. 
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less denomination as make one of the greater ; the quo- 
tient will be the answer. 



(17.) In 800,000 inchefl how many 
bushels ? 
By Division. 
2218*198 ) 800000-000 ( 360*6 bushels. 
6654576 



(18.) In 80,000 inches how many 
gallons 7 
By Division. 
277-274 ( 80000-0000 ( 288*5 gallons. 
554548 



13454240 
13309152 

14508800 
13309152 

1199648 



By Multiplication. 
-000451 

800000 



2454520 

^13192 

1 — B y Multiplicatn. 

2363280 -003607 

2218192 80000 



360-8 bushels. 



1450880 gals. 288-560000 
1386370 



In excise calculations it 19 frequaitly necessary to reduce compound 
numbers to decimals, and decimals to compound numbers. The rules for 
effecting these purposes are as follow : — 

TO RBDUCB NUMBERS OF DIFFBKENT DBKOKIMATIONS TO A DBCIMAL. 

RuLB. — Reduce the given numbers to the lowest denomination for a 
numerator, and reduce the denominator to the same, then annex ciphers, 
and divide the one by the other ; or begin at the lowest, and reduce them 
in their order. 

TO RBDUCB A DBOIHAL TO ITS PROFBR DENOMINATION. 

Rule.— Multiply the decimal by the value of the next lower denomina- 
tion, and ^int off as many places in the left hand as there are places in 
the decimals ; then multiply the figures pointed off by the value of the 
next lower denominator, pointing off as before ; and proceed in this man- 
ner through all the denominations to the last, when the several figures 
standing on the left of the decimal point wiU be the answer required. 



(19.) Reduce 158. ^d. to the de- 
cimal of a pound. 



20 
18 

4 



15s. 6id. 
12 

186 
4 



or. 



4)3-00 

12)?75bo 

20 ) 15-56250 



960) 7470 (-778125 Ans. -778125 

(21.) Reduce 38. 9d. to the decimal 
of a pound. 

(2a) Reduce l^d. to the decimal 
of a shilling. 

(25.) Reduce 3 bushels, 1 peck to 
the decimal of a quarter. 

(27. ) Reduce 6} inches to the de- 
cimal of a foot 



(20.) What is the value of -778125 
of a pound 1 *778125 

20 



6|d. 



15-562500 
12 

6-750000 
4 

3-000000 



Ans. 15s. 

(22. What is the value of 1875 
of a pound 7 

(24.) What is the value of -125 of 
ashillmg? 

(26.) What is the value of -40625 
of a quarter 7 

(28.) What is the value of '5625 
of a foot. 
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3. Compound Addition. 

Compound Addition is the method of collecting se- 
veral immbers of different denominations into one sum. 

Rule. — Place all numbers of the same denomination 
directly under one another ; add the figures in the lowest 
denominations, and find how many of the next higher de- 
nomination that sum contains ; write down the remainder, 
if any, at the foot of the column, and carry 1, for each of 
the higher denomination, to the next column ; proceed in 
this manner through all the denominations, till you come 
to the highest, the sum of which, together with the several 
remainders, will give the answer required. 

Proof. — As in Simple Addition.* 



By the foregoing rule, (that is, diyiding or multiplying by as tnany of the 
leag as make one of ij^e greater denominator,) we can reduce a decimal of 
one denomination to the decimal of another denomination. 



(89.) Reduce -45 of a shilling to 
the decimal of a pound. 
20) -45 

•0225 Ans. 



(90.) Reduce 0225 of a pound to 

the decimal of a shilling, 

•0225 
20 



•4500 



Ans. 



The Decimal Tables given at the end of the present chapter, are con- 
structed according to the foregoing rules and examples. 

*.BXA1IPLB8 IV COMPOUND ADDITION. 



- (1.) 


(2.) 


(3.) 


£ s. d. 


gal. qts. pts. 


bush. gal. pts. 


346 12 3 


792 3 1 


542 1 3 


182 17 3 


134 2 


473 1 


701 5 1 


432 1 1 


476 4 3 


510 14 3 


368 3 1 


34^ 2 


156 3 2 


549 2 


143 1 1 


642 11 1 


714 3 1 


684 1 1 



2540 3 2993 2659 4 



(4.) The malt duty charged in the year ending October 10th, 1834, was 
as follows :— In England, £4,334,797 5s. lid.; in Scotland, £545,561 14s. 5d.; 
and in Ireland, £268,896 3s. 8d.; what was the total amount? Ans. 
£5,149,255 4s. 

When the lower denominations can be easily reduced to decimals, (see 
page 32» and the Decimal Tables, t^ra,) the quantities may be added as 
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4. Compound Subtraction, 

CoMPOuKD Subtraction is the method of taking a 
less compound number from a gpreater. 

Rule. — Place the less number under the greater, so 
that the numbers of the same denomination may stand 
directly under each other ; begin at the right hand, and 
subtract the number of each denomination in the lower 
line from the number above it, and set the remainder 
under it ; but if the lower number of any denomination is 
greater than the upper, add as many to the upper as make 
one of the next higher denomination, and after subtracting 
the lower from that sum, add 1 to the lower number of the 
next denomination before you subtract it ; proceed in this 
manner till the whole is finished. 

Proof. — As in Simple Subtraction.* 

in Addition of DecimaU, (see page 15,) and the dedmal in the total re- 
duced to its proper denomination, if necessary, as in page 33. 

(5.) Add £35 15e. to £78 28. 6d. 

(15«. = £-75) £35-75 

(2b. fid. ^ £125, 809 page 32.) 78-125 

Ana. £113 178. 6d. 113875 «= 17s. 6d. (See page 32.) 

* BXAXPLBS IK COMPOUND SUBTRACTION. 

(1.) (2.) (3.) 

£. 8. d. bosh. pks. gal. qrs. bush. pks. 

From 6 14 6 9864 3 7498 2 2 

Take 4 15 8 1986 3 1 5969 7 3 



Bern. 1 18 10 7877 3 1 1528 2 3 



(4.) The excise duties for 1834 amounted to £13,946,348 58. 7|d.; and 
for 1835, to £11,681,197 Hs. 8|d.; what was the difference? Aia, 
£2,265,150 78. Hid, decrease. 

When the lower denomination can be easily reduced to a decimal, (see 
page 32, and the Decimal Tables, infira,) the quantities may be subtracted 
as in Subtraction of Decimals, (page 15,) and the decimal in the difference, 
if any, reduced to its proper denomination, as In page 99. 
(5.) Take £9 17s. 6d. firom £^ 2s. 6d. 
(28. 6d. as £-125) £84-125 

(178. 6d. « £-875) 9-875 

Ans. £74 5f . £74250 — 59. 



CRAP. I.] ARITHKXTIC. B5 

5. Compound MuU^pUeaHon. 

Compound Multiplication is the method of multi- 
plying sums or quantities which consist of different de- 
nominations. 

Rule. — Multiply the number in the lowest denomina- 
tion by the multiplier, and find how many units of the next 
denomination are contained in the product, setting down 
what remains ; multiply the next denomination in the same 
manner, adding to the product the units before found, and 
find how many units of the next denomination are in the 
amount, which set down, and carry as before; proceed 
thus to the whole numbers, which multiply, as in Simple 
Multiplication, and the product, with the sereral remain- 
ders, win be the answer.* 

* BXAMPLBS IN OOMPOUND MUX.TI?LICATIOir. 

(1.) (2.) (3.) 

£ 8. cL gals. qto. pts. bush. gals. pts. 

Multiply 8 7 74 8 1 «H 1 3 

By 11 8 9 

1 8 5 599 sSJ 4 3 



If the midtiplier exceeds IS, and is the product of two or more num- 
bers, neither of which exceeds 18, it may be multiplied successlTely by the 
two numbers ^hich make such product. 

(4.) What is the duty on 63 gallozw of spirits, at 7s. 6d. per gallon ? 

78. 6d. 
(7x9 = 63) 7 



Abs. 



If the multiplier is not the pro- 
dact of any two or more numbers, 
it may be multiplied by two sueh 
nambeis as eome nearest tiie givte 
multiplier, and this product may be 
>dded to the product of the first 
multiplicand when multiplied by 
the dLfference. 



8 12 6 
9 


lednty 

.percii 

18 




83 18 6 




<5.) What is tt 
of hops, at 18s. M 
(98a=10x9+8) 


on 93 cwt. 

8x3 
10 


DutyonlOcitrt. 


9 


6 


8 
9 


I>ntyon90cwt 84 
Duty on 3cwt 8 

Dutyon93cwt. 86 



16 

16 




0(X 3) 

Ans. 
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Proof. — As in Simple Multiplication. 

6. Compound Division. 

Compound Division is the method of dividing num- 
bers of several denominations into equal parts. 

Rule. — Begin at the highest denomination of the divi- 
dend, and divide as in Simple Division ; reduce the re- 
mainder, if any, to the next lower denomination, adding 
the given number of that name ; divide this sum, and 
proceed in the same manner with all the denominations : 
the several parts of the quotient thus found will be the 
answer required. 

Proof. — By Multiplication.* 



Questions of this description are usually worked by rules of Practice. 
(See Practice, ir^fra.) 

When the lower denominations can be conreniently reduced to a deci- 
mal, (see page 32, and the Decimal Tables, injrat) the answers may be 
/bund more readily, especially when the quantities are large. 



(6.) Multiply 4S4 by £50 ISs. 

(158. = £-75) 60-75 

484 



90900 
40600 
90900 



Ans. £24569-00 



(7.) (Multiply 58i gaUons by 17000. 

(i » -5} 58-5 

17000 



4095000 
585 



Ans. 994500-0 



* BXAMPLSS IN COMPOUND DIVISION. 
(1.) (2.) (8.) 

Divide £\ Ss. 5d.by 11 ; 598 gals. 2qt8. by 8 ; 3637 bush. 4 gals. 3pts. by 9. 

£ 8. d. gals. qts. pts. bush. gals. pts. 

11)1 8 5 8)598 2 9)3637 4 3 



2 7 74 3 1 404 1 3 



If the divisor exceeds 12, any two numbers which, multiplied together, 

wUl produce such divisor, may be used consecutively. 

(4.) What is the rate of duty of a gallon of spirits, if 63 gallons be 

charged £23 128. 6d. ? 

£ s. d. 
(7x9^63) 9)23 12 6 

7)2 12 6 

7 6 Ans. 
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7. Cwnfound P^oportien. 

Compound Proportion ' is usually defined to be the 
metliod of finding quantities tliat require two or more 
statings in simple proportion ; but it is here designed to 



a M. d. $ 


a. 


d. 


]i))SO d U(8 


» 


S. 


$7 






t 






f^ 






l»)46(i 






% 






7 






la 






19 ) 95 ( 5 






95 







If the diybor casoot be pfoduced ( (5. Pavide $59 5s, lid. by 19. 
by tho multiplicatioA of smajl Biim- 

ben, the gperaUpn nuut be perr ]i))SO d U(S » 5. Ans. 

f onned neaxly tbff nim», aa in Lpz^ 
Division of Simjde Niunben; Uie 
remainder, if any, being reduced 
into tbe next loimr denomin&tion; 
and after taking ^ «°y *>f ^be aam^ 
name in iba dividend, again dividad 
by thft dirisar; and tiie reaudndar, 
if anf , again leteoad to the maJk 
hawn^ denomination, and again di- 
vided, and fo on, thsongh all tfae 
denominations, to the last. 

When the lower dflnominatjona ca^i be cpnvanienUy reduced to a de- 
cimal, (9,ee page 32, and the Decipial Tables, infrai) the answers may be 
found more readily, especially when the quantities are large, thus : 
(6.) Divide 24563 by iSSP 15s. 
50-75 ) 24563-00 ( 484 Ans. 
(15»£*75) 20300 

42630 
40600 

20300 
80300 

As, when tbe nun^bera aie large, it is much more convenient in pr&ctice 
to multiply than to divide, it is common, in excise calculations, to substi- 
tute the fonner operation for the latter, which is done by using what is 
technically called a/odor. (See page 31.) 

* Proportion is so universal in its application, — at least among all sub- 
stances, and qualities of substances, which can in any way be measured, 
weighed, or valued, so as to be expressible in numbers,— -that its impor- 
tance cannot be too^ forcibly impressed on the leaner. In its various 
applications, it is the most useful in the whole business of education ; 
and that, not so much on account of its merely arithmetical and geome- 
trical applications^ as because, being founded upon the doctrine of cause 
and effect, no one can think or reason accurately upon any one subject 
without it. The rule of Proportion of Simple Numbers baa been already 
given, as well as the rules for Arithmetical and Geometrical Progressions 
(pp. 9 and 22). These being ftiUy understood, the chief difficulty in apply- 



(4 = 


Divide g<K50 by 584 8«Uona. 

58>fi)994S6'O(110O Ans. 
.•6) 58$ 

4095 
4095 




68 
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include any kind of proportion, whether single or double, 
in which the terms of the question include different deno- 
minations. 



ing the subject to proportion and progression of quantities, of diflferent 
denominations, is, as to the manner in which the yarious questions are 
to be stated for working. To obviate this difficulty as far as practicable 
consistently with the limits and olgects of the present Treatise, a few of 
the leadmg sutijects to which Arithmetical Proportion is usually applied 
in excise calculations are selected, the examples being, in each case, pre- 
ceded by the proposition or mode of stating the question. 

PBICS8, DUTIES, SALA&IBS, AND INTBHBST. 

One of the most simple and useAil applications of Proportion, is where 
two quantities of the same kind of goods, and the price and ralue of one 
of them, are given, to find the price or ralne of the other. In excise 
matters, this is more particularly applied to the calculation of duties. 

Proposition.— As the quantity of which the price or duty is known, is 
to the known price or duty, so is the quantity of which the price or duty 
is sought, to the price or duty required. 

BXAUPLBS IN GOMFOUND FKOPOBTION. 

(1.) If the duty on glazed paper be 2id. per pound, what is that per 
cwt., or 112 lbs. ? 



Having stated the three terms by 
the general rule, the middle term is 
reduced to farthings ; the second 
and third terms are multiplied to- 
gether, and give the answer in far- 
things, because the first term being 
1, does not require to be used as a 
divisor. The answer is divided by 
4 and 12, to reduce it to shillings. 



If Idb.: 2id.::1121b8. 
4 

9 

118 

4 ) 1008 
12)252 
Ans. 2l8., or £1 Is. per cwt. 



(2.) If the duty on the excess of fluxed materials for fiint glass be 2d. 
per lb, what is that per cwt.? 

If lib. : 2d. : : 1121b8. : 18s. Sd.' Ans. 
(3.) If the duty on fluxed mate- 



rials for flint glass be 6s. 8d. per 

100 lbs., what is that per lb.7 

If 100 lbs. : 6s. 8d. : : 1 
12 



80 

4 



100)320 
Ans. 02d.-2 3-2 



In the. foregoing questions, as 
well as in any other where one 
of the given terms is unity, the 
formality of stating the question 
may be dispensed with, and the 
answer obtained by Compound 
Multiplication or Compound Divi- 
sion, and sometimes more readily 
by Practice, (which see.) 
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RuL£.— 1st. State the question ; that is to say, place the 
given numbers so that the first and third may be terms of 
supposition and demand, and the second the same kind or 
denomination as the answer required. 



(4.) If the auction duty on an 

estate in Ireland, which sold for 

£800, be £5, what will be the duty on 

an estate which sells for £410 lOs.? 

If £S00 : £5 : : £410 10s. 

30 ao 



4000 



8810 
5 



4)000) 411050 
Ans. £10 50. 3d. 10-2685 



(5.) If the duty on 19 bushels of 
malt be £8 9s. Id., what will be the 
duty on 5976 bushels 7 

(6.) What will be the duty on 19 
bushels of malt, when 5976 bushels 
are charged £771 18s.7 

(7.) If £83 188. 6d. be the duty 
on 63 galls, of spirits, for how many 
gallons should £804 15s. be paid 1 

(8.) When the duty on 546 galls, 
of spirits is £804 ISs., what is the 
duty on 63 gallons 7 
(9.) What is the amount of an officiator's salary for 66 days, at £50 
per annum? 

If 365day8 : £50 : : 66dAy8 : £9 Os. 9|d. Ans. 
This and similar questions of 
common occurrence, may frequently 
be solred more readily by finding 
the decimal for a single day or a 
single article, and multiplying such 
decimal by the number of days or 
articles. In the question last stated, 
the decimal for a single day is found 
and used as follows : — 



days. £. day. £. 
If 365 : 50 : : 1 : 1369863 for a day. 

Number of days 66 



8819178 
8819178 

9*0410958 
wbich, reduced to its proper value, 
gives £9 Os. 9|d., as above. 



For a leap year, the decimal for a single day will be slightly varied, 

thus : 

If 366 days : £50 : : 1 day : -136618. 

(See the Tables of Factors for Salaries, and for calculating Days, &c., 
infra.) 

(10.) What is the interest of £547 15s. Ibr 3 years, at £5 per cent, per 
annum 7 

As £100 : £5 : : £547*75 (ISs. = -75. See page 15.) 

Or, 80 : 1 : : £547*75 : £87*3875 Interest for a year. 

8 



821685 



which, reduced to its proper value, (see page 38,) gives £88 3s. 3d., the 
interest for 3 years. 

The foregoing examples will show the manner in which decimals may 
be advantageously used in this rule. (See the Tables of Decimals, &c., 
infra*) 
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Snil. Bering die ftcst dud tliird ntniilyers into ore stune 
denomhistiofliy ttnd t^e second llitt) mte d6innnnnition Ittott 
convenient for ilrotking. 



8FB0IFIC OBAYITT, feC. 

Another appIlcaGon ot IHe Rule of ^ree ill in deiehmnin^ Ihe B]^edfic 
gravities, weights, and ma^tiides of cQfferesit bodies ; eacli of these qua- 
lities, as shovii in page '&, beaiing certain relations or propofGons to t&e 
others. 

To determine the Spedfie OraioUii qf a SoUd, on Ht being weighed m and out 

f^WiOer, 

VvxB^^kM tfaa lost weifbt i&, k to the wcf^t out, so iS tile specific 
graritir o4 w«ter« to that «f the bedjr. 

< 11.) What is the speoMc gravity of a quaiAG^ «f igUk weighing 2387-8 
gnias in air, «ad 1465*6 gnins in water ? 

6387-8-^ 1405-6 :=da2-8. 
As 982-8 (lost weighty : 2887-8 (weight) : : 1000 (water) ; MSk Ante 
This is, in effect, the same as the role and example in page 26w 

Te^iink Hke Mi)ign»^fieff^ Bo^^vmiU Weights 
Pbop.— As tbe speeific Ifravitf of the body («ee Ae Table-, i^^) fi to its 
weight In atvlHttpois ounces, sO id on« ettble ft>ol, ^ 1188 «ik^6 ikidxes, 
to its magnttnde in feet or ioehes respeetttely. 

(12.) An empty cask, made of dry oidc, wd^hs 46 lbs. 10 ot.*, Vcqpuihed 
the contents of the materials in cubic laehM. 

46 lbs. 10 OK. = T46ok-. 
Aa 925(8p. grat.) : 746 (weight) : : 1128 ib. : IS9M eul^ in. Afit; 
(18.) A quantity of rinegar w«igfa« 841b». fty^ylidupoii, what is its t^Mk*- 
tent in cubic inches t 

84xl6»1341 
As 1010 (sp. grav.) : 1344 (weight) : : 1728 in. : 8299*4 cubic in. Aba. 
(14.) A quantity Of proof ip&iis, at tiie traiiperUure of 51 degrees, 
weighs 981bs. aTOirdnpoii, What is its eontdulB, dedueting ISIbt. for tiie 
weight of the cask ? 

(08^88) X 16i«71 X 16«11360i^ofproof 8plrlti» 
As 923(sp. grav.) : 1136 (weight) : : 1728 in, : 2127 cubic in. 



Te find ^ Weight q^« Bodiyfrm «r .V<^gli«ta*, 
Pbop.— As 1 cubic foot, or 1788 cubic inches, is to the content of the 
body, so is its specific gravity (tee tibe Table, if|/hi,) to the weight of the 
body. 
(15.) What is thA weight of 100 gattoas of proof spiriti T 

100x277-274 = 27727-4. 

As 1796in. : 87787*4in. : : 983 (sp. grav.) : 14816otncei. Ahih 
(16.) What is the weight of 78 gtlloas of port wiae t 

As 1728 in. : 73x277-274in, :: 997(sp,grav0 : 11678 ox. An«, 
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Srd. Multiply the second and third numbers together, 
and divide the product by the first number; the quo- 
tient will be the answer, in the same denomination as 



AYBKAoma AHD coKvooifDiHo enmiT8» ftc. 

(Compound Proportion is likewise applicable to what, in commercial 
arithmetic, is called, "Alligation/* or the compounding and averaging 
simples of different strengths or qualities. In excise matters, this is 
chiefly confined to the mixing and redaction of spirits with other spirits 
or with water. The questions which are most likely to occur in practice, 
may be stated according, to one or other of the following rules ; it being 
recollected, that the strength of proof spirits is 100 degrees, and that the 
strength of all other spirits is calculated according to the number of 
degrees or equal parts of 100, or proof, which are contained therein. iSee 
page 27, ante.) 

To find the Strength or Fabse qfa Compound^ the Batee and Quantitiei qf the 

IngrecUentt being given, 

Pbop. — ^As the whole composition is to its total ralue, (each quantity 
being multiplied by its price or strength,) so is any part of the compo- 
sition to the mean price or strength of that part, 

(17.) 25 gallons of spirits, at 16 per cent, under proof, are mixed ik ith 
15 gallons of proof spirits ; what strongth will the compound be ? 

Quan. Strength. Product. 
25 X 84 = 2100 
15 X 100 = 1500 

40 3000 

As 40 : 3600 : : 1 : 90 degrees. 
And (see page 27) 100 — 90 = 10 deg., or 10 per cent, under proof. Ans. 

(18.) 53 gallons of spirits, at 10s. per gallon, being mixed with 10 gal- 
lons of water, what is the value of a gallon of the mixturo 7 

Quan. Price. Product. 
53 X 10 == 530 
10 X = 

63 "So 

As 63 : 530 : : 1 : 8s. 4id. Ans. 

Tojlnd the FcUue qfSpiriti according to the Strength; and to find tlie Strength 

according to the Falue. 
PsoP.— As the given strength is to the price, so is any other strength to 
the price required at that strength ; and vice verm, 

(19.) Spirits at proof are worth 32 shillings per gallon, what would be 
their value at 25 per cent, over proof 7 

As 100 (proof) : 328. : : 125(25 over proof) : 40s. Ans. 
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that in which the middle number was Itft^ nand may be 
changed into any other denomSnation requited, as in R^** 
duotion^ 



(20.) Spirits at 95 per eest, ovot proof are worth Mi^ per gaUon, what 

would be their value at 10 per cent, under proof 7 

Aa 125 (25 over proof) : 20s. t* 90 (10 under proof) : 148. 4|d. Ana* 
(21.) Spirits at 25 per cent, over proof are worth 40s. per gallon, what 

strength ought they to be at 32s. per gallon 9 

As 408. : 125 (25 over proof) : : 328. : 100 (prool) Ana. 



Pbop.— As the given value of the spirits is to the whole mass, so is the 
value of the mixture to a quantity which, deducted fhnn the whole 
mass, will leave the quantity of water* 

(22.) Spirits, at 10». per gallon, are mixed with water in 8u«h profpot- 
tion that the mixture is worth 8e. per gallon ; what quantity of each is in 
63 gaUona of the mixture 1 

Aa 10 : a :: 8 : 50*4 Qnantlty of spirits^ 
6S Total quantity. 

12*6 Quantity of water. 

ToJInd ^ Quantity qf Water neceitary Jvr reducing S^ritt to a given 

yaltte. 

Prop. — ^As the value of the reduced mixture is to the quantity, so is the 
price of the spirits to the whole reduced mixture ;' from which, if the 
spirits be deducted, it will leave the quantity of water required. 

(23.) 53 gallons of spirits, at lOs. per gallon, are required to be rednced 

untU they are worth 8s.; what quantity of water is necessary for that 

purpose} 

As 8 : 63 : : IS : 66i Total quuditx. 

53 Spirits* 
Ans. 13^ Water. 

To reduce Sprits Jrom any given Strength to Proof, 

Paop.— -As 100 is to the quantity given, so is the strength given to the 
quantity at proof. 

(24. ) Reduce 40 gallons, at 30 per cent over proofs to proot 
As 100 : 40 (quantity) : : 130 (30 over proof) : 52 (gallons at proof.) Ans. 

(25.) Reduce 254 gallons, at 32 per cent, under prooC to prooL 
As 100 : 25-5 (quantity) : : 68(32 under proof) : 17-34 (galls, at pt) Azu. 

The same result will be obtained if we multiply the quantity by the 
excess or deficiency over or under proof, and divide by 100 ; then add the 
quotient to the quantity, if over proof; and subtract it, if under proof; the 
sum or diiBerence, as the case may be, will be the answer. 
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4t}i. If, after division, there be any remainder, its 
valne may be found by reducing it to tbe lower denomina- 
tions respectively, and dividing by the first term, ad in 
Compound Division. 

-- I - - 

To reduce Spirits from any giverit to any required. Strength, 

Prop. — ^As the given strength is to unity, so is the product of the giren 
quantity and the gbren strength to the quantity at the required strength. 
(26.) Reduce 70 gallons at pro<rf, to 90 per cent, under proof. 
Given quantity 70 
Given str^igth 100 

As 70 (30 under proof) : 1 : : 7000 : 100 (gals, at 30 per cent, under proof) 

(27.) Seduee 3S gaUonl, at 95 per cent voder prooi; to 20 orer pfoof. 
Given strength lift » 85 under prooL 
Git«n quantity 38 

As 120(20 over proof) : 1 : : 2400 : 20 (gallons at 20 orer proof.) Ans. 
(See Boose's ** Guide," and Gutteredge's " Universal Gauger.") 

The second and third terms being mtdtlplied together, it is evident that 
it is of no importance, so far as the result is concerned, which of these 
terms stands the first in stating the question. Hence, in some of the 
preceding eicamples, the second term, according to the nde given in the 
text, has been made the third, and vice vetnh 

Sometimes questions of proportion may be more readily performed by 
one of the following rules ; either of which, it wiU be seen, produces the 
same result as the rule above referred to. 

1st. Divide the first term by the second or tidrd (so as to avoid the 
necessity of multiplying the second by the third) ; divide the remaining 
term by the quotient, and the last quotient wUl be the answer. 

2nd. Divide the second and third terms by the first ; multiply the quo- 
tient by the remaining texm„ and the product will be the answer. 

Sometimiw a dfsthictlon is made between Direct and Inverse Propor- 
tion, the former being limited to cases where more requires more,' or less 
Tequires less ; and the latter, to cases where more requires less, or less 
requires more ; and the distinction in stating the questions being, that in 
Direct Proportion, the deman(fing number is the third term, and the second 
and third terms are multiplied together; and that in Inverse Propor- 
tion, the demanding number is the first term, and the first and second are 
multiplied together. This distinction, however, is unnecessary, if atten- 
tion be paid to the nature of the qiwstioh i which, aftef a fittie practice, 
may always be so arranged, as to produce the given resultby the applica- 
tion of the foregoing rules and eiLamples. 
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8. Practice* 

Rules of Practice are certain expeditious methods 
of casting up accounts; and they consist chiefly of the 
most general contractions of the Rule of Three, when 
either the first or third term is unity.* 

Rule I. — If it he required to find the value of any 
numher of articles corresponding with the numher of a 
higher or lower denomination, the process of multiplying 
or dividing hy that numher may be saved, by simply 
changing the name of the given number.f 

DOUBLE HULB OF THREE. 

When five numbers are given, three containing a supposition, and the 
other two a demand, an answer may sometimes be obtained by what is 
called the " Double Rule of Three, or, Rule of Fiye." But as such ques- 
tions can always, and sometimes more readily, be answered by two 
operations of the Rule of Three, only one example, showing the usual 
mode of working, will be given. 



(28.) If 100 men make 3 miles of 
road in 27 days, in how many days 
will 150 men make 5 miles ? 

Men. Days. Men. 

150 : 27 :: 100 
3 nules 5 miles 

450 500 
27 



days. 



450 ) 13500 ( 30 Ans. 



The sum which is like the num- 
ber required (days) is made the 
middle term of the first line ; two 
other terms, like one another, are 
made the first and third terms of 
the same line ; the remaining num- 
bers are made the first and third 
terms of the second line ; the sums 
under each other are multiplied to- 
gether, and the products, with the 
middle number, worked as in Com- 



mon Proportion. The same question might be performed by two opera- 
tions, thus : 

If 150 men : 27 days : : 100 men : 18 days. 

If 3 miles : 18 days : : 5 miles : 30 days. Ans. 
* Rules of Practice in mental arithmetic, like contractions and arbi- 
traries in short-hand writing, wiU always vary according to the particular 
business to be performed, and the minds engaged upon them. A few of 
the most common and useful rules and examples are selected ; and, upon 
these, others may be easily constructed. 

t BXAMFLES IN PRACTICE. 

4, call them pence. 
To multiply farthings by^ 48, call them shillings. 

call them pounds 



by) 48, 
^960, 



To multiply pence byf ^^» call them shillings. 

*- ' *^ ' « 240, call them pounds. 

To multiply shillings by 20, call them pounds. 



CHAt». k] 
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RxtlH ll.-^If tke given price be un ilvjnoi or even 
pan of a peHnif, shiUing, or ponnd, divide the given 
qttdntity by suth aliquot or even part for ^e anstret in 
the neit bigbet denomination.* 



To divide by 



4» eUl peii6<e, Ikffhiiigl. 
48» o4U Aflliiigit fefthlags. 
9i0, 01^ pound*. (krflilii||#. 
12, call pence, skDliiiifs* 
840, cidl peace, poondt. 
80, c«tt shiUingSk pound*. 
Other i%Mi, {bunded «fA the foregoing, wUl readily be adoptei^ tf 
required in practice. Fbr instance. 1 cwt., at Id. per lb., amounts to 
98. 4d.; therefore, to find the yaiue of a r#t. When the price of ft lb. ii 
giren, call erery penny in the |>rice 9b. 4d., add Reckon accordingly : thus, 
' (1.) Icwt. at 6d. =9B.4d. x6=>£9 Ms. 
Again, to find the value of 1 dosen articles, the prise in pence may be 
called shilMngs ; and tf there are any farthings in the price, Sd. may be 
added for each. 
(8.) Required the dtity on \2 (or 1 dozen) bushets of mfttt, i,t 2s. td. 

28. 7d. = 8ld., which, taken hk sMiIIzigs, Is £1 lis. Ans. 

(3.) Required the duty on 48 (or 4 dotieh) bushels, &t the sahl^ rate. 

88.7d. = 31d.,and£l 111. X4«£«4i. Abs. 

BXAXPLBB APrLIOABLi TO AXTLt it. 

(5.) What is the duty on lU^ 
pounds of flint glass, at ^. 8d. per 



* An aliquot put is an eten firac- 
tioii of imything: thus, 6d. is the 
aliquot part of a shilling, namely, 
coe-lialf. (See the Tables at the end 
of the chapter, containing the aU<- 
qnot parts of money, weights, mea* 
sures, &c., in most conuBim use.) 

(4.) What is the duty en 2868 gal-> 
Ions of vinegar, at 2d» per gallon 7 
(2d.»j. of ashilling) 6 } 2368 

20)3948 



Ans. 19 lis. 8d. 



100 pounds 7 

(flifcWU^ of & «) 3 ) T8#|0e 

Ans. 2616 6s. 8d. 



• — 



(6.) What is the yalue of 4400 
pounds, at Jd. pte pound t 

( 8) 4100 
(id.=^i^Ofi«hU.) m 



Ans. 



2) 350 
£13 15s. =^75 



If the aliqnot part is not known 
or teadily wwked, it may be di- 
vided Into several aliquot parts, 
and each worked aecording to the 
above mle ; or it may often be di- 
vided so that the less wiU bf aliqtiot 
parts of the greater. 



(7.) What is the duty on 8464 cwt 
of common bottles, at '7b. per cwt.7 

^i, {ofatf) 1^)8464 

8468 

■ 

£^62 8s. Ah^. 
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Rule III. — If the given number has reference to 
per centage, the number may either be divided by the 
aliquot part of £100, as in Rule II., or it may be multi- 
plied by the rate per cent., and two figures cut off from 
the right of the units.* 



If the price contains pounds, the given quantity will require to be multi- 
plied by the number of pounds before the aliquot parts of the lower 
denomination are taken. 



(9. ) What is the duty on 175 cwt. 
of crown glass, at £3 ISs. 6d. per cwt? 



(8.) What is the duty on 568 
cwt. of broad glass, at £1 10s. per 
cwt.? 

(10s.==4 of a £) 2 ) 568 pounds. 

284 ten shillings. 

£852 Ans. 



This and similar questions may be performed by decimals^ (See 
page 15, and the Tables of Decimals at the end.) Thus : 

£3 13s. 6d.x 175 = 3675 x 175 = 643-125 = £643 2s. 6d. 

(10.) What is the yalue of 3 tons 



10s. Od.^4 
2 6 =1 

13 6 


175 cwt. 
3 

525 
87 10 
21 17 6 
8 15 


Ans. 


£643 28. 6d 



If there be any odd weight or 
measure in the quantity, an aliquot 
part of the integer may be taken 
and added to the amount found as 
above. 



5 cwt., at £7 9s. 3d. per ton 3 

£7 9s. 3d. X 3 = £22 7s. 9d. 
793-f-4= 117 31 

Ans. £24 5 Of 



If the price be any even number of shillings under 20, the given number 
may be multiplied by half of it, doubling the first figure to the right for 
shillings, and the other figures are pounds. 

* EXAMPLES APPLICABLE TO BVLB III. 

(11.) What is a year's interest of £56, at Jpi per cent, per annum ? 

Or thus : 56 
5 



(5«^i^of£100) 



1 



)56 



£2 16s. Ans. 



2]80 
20 

16]00 £2 16s. Ans. 



The same calculation will give the amount of auction duty on chattels 
in Great Britain, at Is. in the pound, which is equal to £5 per cent. (See 
the Table of Auction Duty, &c., ii^fra.) Five per cent, interest being as- 
certained, the interest at 7^ per cent, may be found by adding one-half ; 
4 per cent, by deducting one-fifth ; 3 per cent., by deducting two-fifths ; 
24 per cent., by dividing by 2 ; 2 per cent., by taking the half of 4, and 
so on. 
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Rule IV. — If the given quantity contains a fraction, 
multiply the price by the numerator of the fraction, and 
divide the product by the denominator ; and the result, 
added to the value of the integral part, will be the 

answer.* 



(12.) What is the commiation on £7417 9i. 9d., at £4 per cent? 

Or thus: 7417 S§,9± 

4 

£ s. d. 

(4= 1 of £100} 5)7417 3 9 896]68 15 

^* 90 



5)1483 8 9 



13J75 



Ans. £296 13 9 12 

"" 9]00 



£296 138. 9d. Ans. 



(13.) What is the premium on £825 168., at £1 per cent? 

£8]25 168. 
20 



Here no multiplication of the per 
centage is necessary ; the units may 
therefore be cut off, thus : 



5]16 
12 

1]92 
4 

£ s. d. 

3]68 8 5 1} Ans. 



(14.) What is the auction duty on £782 10s., foreign produce, at lOs. per 
<^«nt.? Or thus, decimally : 

£ s. £782 lOs. = 782.5 

10 = ^ )782 10 |percent= 005 

3]91 5 39125 

^ 20 



^®^?J 18-2500 

A-* 12 



3]00 Ans. £3 186. 3d. 



3-0000 



To find the interest for any number of days, multiply the sum by the 
number of days, and the product by the rate per cent., and divide by 
36500 (365 X 100) ; the quotient is the answer required. 

* BXAMPLB APPLICABLB TO BULB XV. 

(15.) What is the value of 1735| gaUons, at £1 5s. per gallon ? 

£ 8. £ s. d. 

1 5 (58.:=iofa£) 4)1735 

3 433 15 

The fraction 9 4^ 

8 ) 3 15 ( 98. 44d. 

£2169 4 44 
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9. Arithmetical Tqhles. 
No. h 



Farthings. 


Pence. 


ShiUings. 


Crowns. 


Found. 


4 

48 
240 
960 


I 

12 

60 

240 


1 

5 

20 


1 
4 


1 



£ signifies pounds ; s., shillings ; and d., pence. 

No. 2. 







PENCE TABLE. 




d. 8. d. 


d. s. d. 


d. s. d. 


d. 8. d. 


d. £ s. d. 


12 are 1 


«)»rf»5 


lUaie 9 6 


16S#^ol4 
170.... 14 2 


2a6are& 19 
240 .. 1 


18.... 1 6 


70.. ..5 XO 
72.,, .6 


120.... 10 


20.. ..1 8 


126.... 10 6 


180.... 15 


365 .. 1 10 5 


24.. ..2 


80.. ..6 8 


130.... 10 10 


190.... 15 10 


480 .. 9 


30. ...2 6 


84.. ,.7 


132.... 11 


192.. ..U 


600 .. 8 le 


36.... 3 


90....T 6 


140. ...11 8 


200.. ..16 8 


1200 ., 5 


40. ...3 4 


96 8 


144.... 12 


204.... 17 


2400.. 10 


48. ..4 


100. ...8 4 


150.... 12 6 


210.... 17 6 


3600.115 


50.. ..4 2 


108.. ..9 


156.... 13 


216.... 18 


4800. .20 


54.. ..4 6 


U0....9 2 


160.. ..13 4 


220.. ..18 4 


12000.. 50 



The multiples and sub-multiples of 240 (the number of pence in. a 
pound) will beeawlyseen by the foregoing table: thus« ^ of 940 (being 
10s.) = I2P; 4 i^^m 590 =5= 60 ; twice 240 (or £2) = 480, &c. 

No. 3. 

CURRENT BRITISH COINS. 



TALUB. 

GOLD. 

Double SoVergn- 2. 

GuUtea 110 

Sovereign 1 

Half-Guinea •• 10 6 
Half-Sovereign. 10 



WBIGHT. 

na 5b 

1 5 16-37 

10 6-548 

5 04 

5 3-274 

2 16i 

2 is-errt 

1 19 



w^^m 



VALUB. 

1BILVER. 

£ s. d. 

Crown 5 

Half-crown ... 2 6 

Shilling 1 

8Upoii«e t'f' 6 

BOULTQN'S COPPER. 

Peony ^.. 1 

I{Alfoenny ..,.0 A 
Farthing J 



WBIOHT. 

s I & 

18 4-36 

9 2-18 

3 15-S7 

1 U-fiS 



loi. Odrs. 
0—8 — 
0—4 — 



The usual value of gold is nearly £4 an ounce, or 2d. a grain ; and that 
of silver is nearly 5s. an ounce. 22 parts of fine gold, with 2 parts of cop- 
per, are esteemed the standard for gold coin ; and 11 os. 2 dirt, of fine sil- 
ver, with 18 dwts. of copper, the standard for silver coin. 
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No. 4. 



Decimal and Fractional Parts rf a Pound Stkelinq, Jw 

caiculaHng Prices, Duties^ 4^. 



i 



i 



•001042 
•002083 
■003125 
•004166 
•005208 
•006250 
•007291 
•008333 



•009375 

•010417 

•011458 

•0125 

•013542 

•014583 

•015625 

•016666 



i 



•017708 

•01875 

•019792 

•020833 

•021875 

•082917 

•023958 

•025 



•026042 

•027083 

■028125 

•029166 

•030208 

•03125 

•032292 

•033333 



•034375 

•035417 

•036458 

•0375 

•038542 

•039583 

•040625 

•041666 



•042706 

•04375 

•044798 

•045838 

•046875 

•047917 

•048956 



B.d. 



1 

2 
2 6 





t 



I 



TJ 



iL 



05 
1 

125 
150 



3 4 

4 

5 

6 






\ 

FT 






•167 
-2 

-250 
3 



8. d. 



6 8 

7 

7 6 

8 



o 



1 

7 

f 



'333 
■350 
375 



8. 



9 
10 
11 
12 






T 
1 1 



II 



450 
5 

550 
6 



B.d. 



13 

13 4 

14 
150 



PC4 



1 S 






I 



65 
667 
•7 
75 



16 

17 
18 
19 



o 

s 



4 

9 

n 



I 



8 
85 
•9 
•95 



No. 5. 
TABLE o/Pactors, for Salaries, S^c. 



3 
u 

^ 



£ 
5 
10 
15 
20 
25 
30 
35 
40 
50 
52 



Per diem. 



Decimal Value 



•013698 
•027397 
•041096 
•054794 
•068493 
•082192 
•095890 
•109589 
•136986 
•142466 



8. d. 
31 
6l 

10 

1 1 

i^ 

1 11 

2 2i 

2 8i 
2 10| 





P4 



£ 

60 

70 

80 

85 

90 

100 

120 

140 

150 

180 



Per diem, 



iem. I S 

■ b 



Decimal Value 



•164383 
•191780 
•219178 
•232877 
•246575 
•273973 
•328767 
•383562 
•410959 
•493151 



8. d. 
3 U 

3 10 

4 4i 

4 8 

4 m 

5 5| 

6 7 

7 8 

8 2 

9 10 



\ 



u 



£ 

200 
250 
300 
400 
500 
600 
700 
800 
900 
1000 



Per diem. 



Decimal Value 



•547945 
•684931 
•821918 
1-095890 
1-369863 
1-643836 
l-9<7808 
2-191781 
2-465753 
2-739726 




UsBd — ^Find the number of days in Table 25 ; multiply such number by 
the fSftctor or 8um in the above Table : the product will give the salary 
dne. For a leap year, the factors will be somewhat different, and must 
be foimd as in page 39. If there be any deduction for superaimuatioB 
allowance, it may be either taken from the salary, and the factor 
fo^Btnd fi>T the diflbrencei or it may be calculated upon the product, and 
deducted therefrom. 
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No. 10. 
Measure qf Capacity, /or Ale, Beer, S^. 



^MMB 










^~" 


"■" 


^^mm 




■^'" 


^ 


^ 




Cubic 
Inches. 


1 


* 

1 


1 


« 

n 
■B 


Kilder- 
kins. 


m 

n 


Hogs- 
heads. 


ll 


• 

m 


^ 


i\ 


34-659^ 
G9-318I 


1 
















4 


2 


1 


















10 


ST7-274 


8 


4 


1 
















90 


2495-466 


73 


36 


9 


1 














180 


4990-933 


144 


73 


18 


3 


1 












860 


9981-864 


288 


144 


36 


4 


2 


1 










540 


14973-796 


433 


216 


54 


6 


3 


^k 


1 








730 


19963-728 


576 


288 


72 


8 


4 


2 


u 


1 






1060 


29945-592 


864 


432 


108 


12 


6 


3 


2 


H 


1 




S160 


d989M84 


1728 


864 


216 


24 


12 


6 


4 


3 


2 


1 



Hhds. signifies hogsheads; B., barrel; F., firkin; galls., gallons. 

No. 11. 
Measure of Capacity, /or Wine, Spirits, 8fc. 





Cubic 
Inches. 


b 


1 


• 


• 

1 


• 


1 


• 

& 


S 

1 


heads. | 


g 




3 


^i5 


8-664il 


1 


















34-659i 


4 


1 






















24 


69-3184 


8 


2 


1 




















10 


277-274 


82 


8 


4 


1 


















100 


2772-740 


320 


80 


40 


10 


I 
















180 


4990-932 


576 


144 


72 


18 


i| 


1 














315 


8734-131 


1008 


253 


126 


314 


4 


If 


1 












420 


11654-508 


1344 


336 


168 


42 


*j 


H 


14 


1 










630 


17468*262 


2016 


504 


252 


63 


8.% 


3 


2 


14 


1 








840 


23391016 


3688 


672 


336 


84 


1 


2j 


2 


14 


1 






1260 


34936-524 


4032 


1008 


504 


126 


7 


4 


3 


2 


U 


1 




2520 


69873-048 


8064 


3016 


1008 

• 


252 


14 


8 


6 


4 


3 


9 


1 



No. 12. 
Fractions cmd Decimal Parts of a Gallon. 



• 


lid 
hes. 


i 


• 


• 


si 


• 

5 


• 


• 


lid 
hes. 


• 


1 




«l 


I 


ft 


1 

If 


l>4 


1 

IT 


Q 


1 


5| 


2f 
4 


1 


8665 


•031 


46*212 


•ICT 


4 


138-637 


'500 


T 


17320 


1 
IT 


'0625 


55-455 


1 


•200 


5 


173-296 


1 


*625 


27-727 


1 


•1 


2 


69-318 


4 


•250 


6 


207-955 


1 


•75 


1 


34*659 


125 


3 


103-978 t 


•375 


7 


242-615 


1 


•875 



I.J ARITHUBTtC. 

No. IS. 
TABLE far rtduting Ihchei Imlv Qalloh*. 
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No. 14 
Measuke q^ Capacity, for Corn €aiA Dry Goods. 



lbs. wt. of 

distilled 

Water. 


Cubio 
Inches. 


1 


• 


1 


• 


1 


1 


CQ 


• 

1 


• 


Weys or 1 
Loads. 1 




^i 


34*65W 
693182 


1 


















8 


1 




















5 


138-637 


4 


8 


1 


















10 


«77*874 


8 


.4 


8 


1 
















20 


654-548 


16 


8 


4 


8 


1 














80 


S218-198 


64 


88 


16 


8 


4 


1 












160 


4436-384 


188 


64 


88 


16 


8 


8 


1 










ftiO 


887«-768 


856 


188 


64 


38 


16 


4 


8 


1 








640 


17745-536 


518 


856 


188 


64 


33 


8 


4 


8 


1 






3800 


887^-680 


8560 


1880 


640 


320 


160 


40 


80 


10 


5 


1 1 


6400 


177455-360 


5180 


8560 


1880 


640 


380 


80 


40 8010 


8 


J 



No. 15. 
Fractional and Decimal Parts nf a Bushel. 



I 



Ipt. 
Iqt. 
8qt8. 
8}qt 
3iqt. 
IgaL 
6qt8. 



<2| 



84-650 
69*318 
138-637 
184-849 
831-8198 
877-274 
415-911 



s 

o 



I 

1 

I 

TT 

1 
TT 

1 

f 

IT 



5 

J 



016 

031 

0685 

083 

•1 

'185 

•1875 



S 
9 



l|gal. 
Irgal. 

2gal. 
lOqts. 

3 gal. 
14qt8. 

4gaL 



%% 
SS 



369*699 
443-638 
554-548 
693*185 
831-822 
970-459 
1109-096 



a 

o 
t 



r 
s 

IT 

7 

\\ 
1 

¥ 



•167 
•8 
25 

'3185 
•375 
'4375 
'5 



3 



18qts. 

5 gal. 
82qts. 

6 gal. 
26qts. 

7 gal. 
30qt8. 



- wm 

VSM 
o o 
CQ d 



1247*733 

138637 

1525007 

1663-644 

1802-281 

1940-918 

8079-555 



S 

PE4 



9 

IT 
5 

iS 

IT 

3 

? 

I ai 
IT 

7 
T 
1 5 
IT 



-a 



56251 
'635 
6875 
75 

•81251 
•875 



No. 16. 

Dimensions qfthe Imperial Measures (/Capacity in Inches 

and Decimals, and also in Inches and the nearest Fractions. 



Imperial 
Dry Measure. 



I 



Bushel .. ..{ 
Half.bu8hel.| 

PecR. [ 

Gallon. . . . . f 
Halfogalion. ( 
Qnsxt. .....( 



D^ths. 



Inches. 

8-OOOj 

8 

6-3496 



5.0396 

^'t 

4-0000 

4 

31748 
2-5198 



2i 



Inside 
Diameter. 



Inches. 
18-7692 
18'* 

14-9130 

14> » 

IT , 

11-8364 
9-3946 

n 

7-4565 
77 

IT 

5-9188 



butside 
Diameter 
at Mouth. 



Inches. 

19*5000 

19i 

15-4771 
15i 

12*2848 
12* 

*1T 

9*7500 

H 

7-7385 

n 

6-1481 



Breadth 
at the 
Edge. 



Inches. 
'3553 
I 

•8820 

TT 

*8239 
i 

•1776 

3 

IT 

•1410 

i 
•1119 

i 



Height of i 
the Heap. 



Inches. 
60000 
6 

4*7628 
4* 

•3-7797 

H 

3-0000 
3 

8-3811 

n 

1*8898 
1} 



CH4P. I.] A.a.nBUZTK. 

No. IT. 

TABLE fir rtdudng Ivchu W» 
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No. 18. 
Factors fw converting Old Measures qf Capacity into New, 

and the contrary. 





By Decimals. 


By Vulgar Fractions. 1 


Com 
Measure. 


Wine 
Measure. 


Ale 
Measure. 


Com 
Measure. 


Wine 
Measure. 


Ale 
Measure. 


To convert Old 
Measure to New. 


•06943 


•83311 


101704 


SI 




60 


To convert New 
Measure to Old. 


1 
1-03153 1-20033 j -98324 


9 9 
"SI 


6 


»9 



The OM ^fe (SoZton contained 282 cubic inches. 

The Old Wine OaOon contained 231 cubic inches. 

The Old fFincheiter Buthel contained 2150* cubic inches. 

The Imperial Oailon contains 277*274 cubic inches. 

The Com Smhel contains 2218*102 cubic inches. 

No. 10. 
LINEAL MEASURE. 



1 


unter's 

Links. 


1 


• 


1 


o'p v 


unter's 
hains. 


1 




^ 


o-^ 


f^ 


>* 


Pm 


MAi(Vi 


oo 


PE4 


S 


12 


1 

in 


1 










36 


4iV 


3 


1 












72 


25^^ 


6 


2 


1 










108 


16i 


5i 


2i 


1 








792 


100 


66 


22 


11 


4 


1 






7020 


1000 


660 


220 


110 


40 


10 


1 




63360 


8000 


5280 


1760 


880 


320 


80 


8 


I 



No. 20. 
SQUARE MEASURE. 



il 




Square 
Feet. 




.Rods, 

rches, 

Poles. 




if 


uare 1 
rei. 1 


1 


(|j3 


a^>* 


^;S§ 


coO 


a*0 


^^ 


s 


eHii 


^ 39S 














144 


*l.^„«' 


1 














1206 


«OiVr 


9 


1 












30204 


625 


272i 


30i 


1 










627264 


10000 


4356 


484 


16 


1 








1568160 


25000 


10800 


1210 


40 


2i 


1 






6272640 


100000 


43560 


4840 


160 


li 


4 


1 




4014480600 


64000000 


27878400 


3097600 


102400 


6400 2560 


640 


1 



CHAP. I.] 



AAITHMSTIC. 
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No. 91. 

Factokb, Divisors, md Gauob Points, for rtdMcimg Cubic 
Inches into Square and Circular Areas. 





Factors for 


DiTisors for 


Gauge Points I!di| 


Squares 


Circles. 


Squares 


Circles. 


Squares 


Circles. 


Inch the Area of Unity 

kiperflclal Foot 

SoUdFoot 


1 

•006944 
•000578 
•003006 
•000451 


•785398 1 
•005454 144 
.000454 1728 
•009839 277-274 
•000354 2918199 


1*97394 
183*34 
220016 

353036 
2824-99 


1 

19 

41*57 
16 65 
4710 


1*198 
lS-54 
46*91 
18*79 
53*14 


Imperial Gallon 

Lmpertal Bushel 



For the dirisors, &c., relating to glass and soap, see the Acts of ParU*- 
Bsni, and Board Orders. 

No. 99. 
Cubic, or Solid Measure. 



Cnhic Inches. 


Cuhic Feet. 


Cubic Yards. 


1798 
46656 


1 
97 


1 



No. 23. 



Angular Measure; or. Divisions ^^^ Circle. 



Seconds. 


1 


A 


• 


1 




Circle. | 


60 


1 






8600 


60 


1 










108000 


1800 


SO 


1 








394000 


5400 


90 


8 


1 






648000 


10800 


180 


6 


9 


1 




1896000 


91600 


360 


19 


4 


9 


1 



8%ns are narked s.; degrees, ^ ; minutes, ' ; seconds, ". 
The diurnal motion of the earth, reduced to time, is as follows :— 860 
degrees » 94 hours ; 15 degrees » 1 hour ; 1 degree » 4 minutes. 
The days in each month may be found by the following couplets :— 

Thirty days has September, 

April, June, and November ; 

An the rest have thirty-one. 

Excepting February alone, 

Which has but twenty-eight days clear. 

And twenty-nine in each leap year. 
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No. tl 

TIME. 



Second!. 


ML.Bl«. 


Hoiui. 


D.J.. 


Week.. 


MonA.. 


Tmh 




GO 

seica 

«048tM 
31M76W 


6SM80 


B 


8651 


4 


Ji?SS, 


, 





' No. 85. 
TABLE /vr jlnfiRf ths Ndhbek i^Dats iituvm ou Month 



(I.] From tb> lit of Jinaary to the lit 0[ December, SMiUya. 
(I.) FnnoUielitof Jiuelo the Igt of April, 304 dsf). 
(I.) FramthelOlbor Juinuy lolheUtboIJiuie, ISI + lr^lSSdBji. 
(1.1 Pram the Sth of June to (he In cf Jaimuy.Cll — 1 = 107 daja. 
It both dija tie incliulTe, add one dif , It U bo leap jei, nnd Fe- 
bniarj be ioctnded, add one A*j. 
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No. se. 

SPECIFIC GRAVITIES. 



Apple tree, dry 

As£,dr7 -800 

Beech, dry -862 

Boxwood 1030 

Dutch .. -SIS 



Brick 2000 

Brass, cast 8*395 

Butter -9423 

Chalk, British . . . .2*784 
.Spanish ..2*790 
Clay 2*160 



Coal 1*250 to 1*308 

Copper 7*700 

—-—.cast 7*788 to8*788 



Cork -240 

Earth, light 

Ebony 1290 

Ehn.. •600to*671 

Fat. beef.. -9232 to *9480 

.mutton -9235 

Feldspar 2-500 

Fir.. '490 to *600 

.yellow -657 

Glass, crown 2*527 

, German sheet 2*633 

—.broad 2*721 

, plate 2*432 

comn. bottle 2*724 

Acid, nitric 1*270 

.muriatic... 1*940 

.sulphuric .. 1*840 

Alcohol, 60o *825 

, proof, 51« -923 
.commercial *837 
Atmospheric air. '00303 
Beer, pale 1023 



■OLIDS. 

793 Glass, flint 3*277 Poplar, dry 

Gold, pure 19*2587 ~ " 

, hammered. . 19*362 

, sovereign . . 18*769 

.trinket.... 17*647 

Granite. Aberdeen, 

bluish . . 2-625 to 2*654 

. Comiih 2*662 

, Bretagne 

gray 2*738 



Gypsum. . 2*167 to 2*311 

Honey 1*456 

Iron, cast 7*207 

^.bar 7-788 

1 stone 4-3*^3 

l*984iLard -948 

Lead, cast. 11*352 

Limestone, green . . 3- 182 
Litharge 6*300 



Pumice stone .... *919 

Sand l-52( 

Salt 9*1JI0 

Silrer, virgin . . . .10*47 
, hammered 10*511 
, shilling.. 10*5S< 



Slate, clay 2*67( 

Soap, hard, hot. . •99( 
cold 1*021( 



» soft, cold 1*08801 

, silicated, 

hot M884 

cold 1*2263 

Steel rm 

.hard 7*81( 

Stone, paving .... 2'41( 
. Portland.. 2-57( 



Sugar, loaf 1*60( 

Logwood -913 Talc 2*700 to 2800 



Mahogany 1*060 

Mercury. 30 deg. . 13*619 
,60 deg.. 13*580 



Tallow -942 

Tin, pure Cornish, 7*291 

.cast 7*291 

Wax -897 

WiUow •58;j 

Zinc, ^ure 7'190d 

, m its usual 

state 6-86^ 



.brown 1034 

Carbonic acid gas*00174 

Cvder 1-018 

Ether, sulphuric, *730 
■^ .nitnc .... -908! 



, soUd, 40 

below tero .... 15*632 

Oak 1*1700 

--^, dtr -925 

Porcelam, china. . 2*380 

FLUIDS, &c. 

Hydrogen gas ... . 000081 Wine, Burgundy, 

MUk, cows^ 1032 « --» - ■' 

OU, olive *gi53 

— , linseed -940 

—.whale 9233 

Oxygen gas 00132 

Spirits {»ee Alcohol). 
Turpentine, spirits '870 



Vinegar 1 010 , Malaga 



distilled 1025 
Water, distilled.. 1000 

,8ea 1026 

, spring.... 1*0017 



9* 
-.Bordeaux .. *99^ 
— , Champagne, 

white *99l 

— .Claret *99^ 

— .Canary .... 1033 

— , Constance.. 1*08S 

— , Madeira. . . . 1038 

1-022 



-, Port, red and 

white 

— , Sherry .... *99 
— , Tokay 1 



( 



As a cubic foot of water is 1000 oz., and 1000 is taken to be the specific 
gravity of water, so a Table of specific gravities expresses the ounces in 
a cubic foot of each of the bodies. (See page 26.) At 70 degrees, the spe- 
cific gravity of water is '99913; at 38 degrees, 1*00113; at 54 degrees. 
1*00064; and at 62 degrees, 1000. The difference between 62 and 39 
degrees, in a gallon of 277*274 inches, is one-third of a cubic inch.— Jtfi7- 
UonqfFacU, 

In the above Table, the specific gravities of soap are those on which 
the calculations are made for charging the duty. The specific gravities of 
glass are from experiments made by the Surveying-General Examiners, 
on a special survey, and differ materially from former experiments ; the 
other particulars are from various authors. 
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No. S7. 
Miscellaneous 'Weights and Measures. 



jinrihecarie$* WetgKL 
90 grauu make 1 scruple. 
Sscruples ....Idram. 

8 drams 1 ounce. 

Bread, 

8 pounds A-quartem loaf. 

4 pounds 1 quartern loaf. 

Sticks, 

500 lload. 

Candk$. 

120 pounds 1 barreL 

Cheese and Butter, 

8pounds InaiL 

38 doves 1 wey (Essex). 

48 cloves 1 wey (Bnllblk). 

S6 pounds 1 firkin. 

8S4 pounds 1 l>arrel. 

Cloth, 

8A inches 1 nail. 

4 nails 1 quarter. 

3 quarters .... 1 Flemish eU. 
4 quarters .... 1 yard. 
5 quarters .... 1 English elL 
6 quarters .... 1 French elL 
Coals, 

88 pounds IbusheL 

31C^ pounds 1 chaldron. 

224 pounds...... 1 sack. 

10 sacks 1 ton. 

Com. 
^hoshels .... lload. 
40 bushels .... 1 cart 

80 pounds 1 bush.of wheat 

52 pounds 1 bushel of i^e. 

47 pounds 1 busluof barley 

88 pounds 1 bush, of oats. 

Flour, 

14 pounds Ipeck. 

56 pounds. ..... 1 busheL 

280pounds Isack. 

5bushels ....Isack. 
Olass. 
120 pounds Iseam. 

Wponnds Itmif. 

^ MagiUd), 

58 pounds limss. 

36 trusses lload. 

Heps, 
118 pounds. ...,. 1 packet (Sumy 

and Sussex). 

250poundfl Ibag(Kent). ' 

Meai, 

8 pounds 1 stone. 

900 pounds 1 barreL 

Oa {train), 

9 pounds 6 ounces, 1 gallon. 



oa (sweet). 
836 pounds make 1 tun. 
Paper, 

20 sheets 1 quiie,outsides 

84 sheets 1 quire, insides. 

20 quires 1 ream. 

2Ii quires 1 printer's rtam 

2 reams 1 Dundle. 

10 reams 1 bale. 

PoTtAtsent. 

60 skins IrolL 

Potatoes. 

200pounds IbaxteL 

SaisiTts. 

llSpounds Ibartd. 

Bite, 

168 pounds IbsneL 

SalL 
14 pounds...... Ipeck. 

66 pounds 1 Dushd. 

42 bushels .... 1 ton. 

Soap. 
64 pounds, or 

8 gallons .. 1 firkin. 
256 pounds. . . ^ . . 1 barrtt. 

Stfuuf, 
86pounds 1 truss. . 

4B lbs. (aboutn . 1 ebesi 

1000 iload. 

Toibaeeo, 
8 to 3 cwt .... 1 baneL 
JTaier. 

1000 ounces 1 cable ibot 

fFine. 

138 gallons IpipeofPoit. 

140 gallons 1 do. of lisboa. 

1 lO'gaUons 1 do. of Madeliii 

120 gallons 1 do. TensriJBi^ 

57 gallons I hhd. of Claxet 

36 gallons 1 sum of Boek. 

20 gallons 1 hhd. of Sherry 

130 gallons 1 buttof Shcory. 

Wood, 

lOOObffleU Icofd. 

lOcwt Icord. 

lOSfeet 1 stack. 

128feet Icoid. 

Wooi. 

7 pounds 1 clove. 

2 cloves 1 stone. 

2 stones 1 tod. 

64 tods iWey. 

8weys 1 saok. 

12 sacks, or 

4368 pounds llast 

940 pounds 1 pack. 



CflAP' M.] 



ICIQVBUE^TIOK. 
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CHAPT£B IL 

MENSURATION. 

MsifsuRATiON conprebeads tbose branches of mathe* 
iiaatics which hay« for their object the comparison of 
geometrical quantities,* and the determination of their 
proportions to each other ; in a limited sense, it is applied 
to a system of rules and methods by which numerical 
measures of magnitudes are obtained. 

Magnitudes are lines, surfaces, and bodies, or solids. 
A point is said to be the inceptive of magnitude. It is 
a mark of position, but has no parts or ^mensions. 

A UnB hfts o»e dimension, lengtli, without breadth, its 
btond^ or ^xtiemes being points ; as A B. a*...» » g 

Ji^mrfaoe^ix 9iiij^rfieie^i has $wo dimen^ 
«ion«9 l^gth ^d breadthj its bounds ^ 
fes^x^fi^s being fines ; as C« 

A mUA ba«i th^^ dimensioiMfy lepgth^ 
breadth, and .fhidgft^ss, ita bouneds Grt e^ 
ttemes being snperfipios ; as A. 

In all practical applications of mathema- 
tics, it is necessary to express magnitudes 
of every kind by numbers ; for which purpese, « line of 




fv: 







* As Arithmetic teaches the kaowledlge of whatever can be expressed 
in numbers, Geometry teaches the knowledge of whatever is extended 
and can be expressed in form and shape. The truths of Geometry are 
founded upon d^nitions, each furnishing a notion of the thing defii^ed 
and the groundwork of the conclusions respecting it. 

A proposition is a general term implying whatever is proposed to be 
elKected, either in reasoning, or by drawuig lines, angles, &c., or by both. 
It may either be a problem or a theorem. 

A problem is something proposed to be done, and requires construction. 

A theorem is airi^Lth stated, and requires proQf, or demon9tration. 

o 
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some determinate length, or a surface or solid of some 
determinate figure and magnitude, is assumed as the 
measuring-unit, and the number of Ymits contained in any 
line, surface, or solid, is the measure of such line, sur- 
face, or solid, respectively. 

The various kinds of magnitude which admit of mea- 
surement, may be considered under the three following 
heads, namely : — 

I. Mensuration of Lines and Angles. 

II. Mensuration of Superficies. 

III. Mensuration of Solids. 

Part I. — Mensuration of Lines and Angles. 

Lines are either straight or curved. When considered 
in connexion with other lines, they are either perpen- 
dicular, parallel, or angular. The mensuration of lines is 
nothing more than the means of ascertaining distances by 
lineal measure.* When a line is accessible all the way, it 
is readily measured by means of a chain or a measuring- 
rule, rod, or tape, divided into inches, feet, &c.; or by the 
perambulator. When the length is short, and it is 



a coronary b a property which eyidenfly results from the demonstra- 
tion of a proposition. 

An €ueiom is a self-evident truth, of which the following are some of 
the most firequent reeurrence in geometrical propositions :— 

▲XIOMS. 

1. Magnitudes which are equal to the same are equal to one another. 

8. If equals be added to equals the sums will be equaL 

S. If equals be taken from equals the remainders win be equaL 

4. The doubles of the same or equal magnitudes are equal. 

5. The halves of the same or equal magnitudes are equal. 

6. The whole is greater than its parts. i 

7. Magnitudes which coincide with one another, or exactly fill the same i 
space, are equal. 

* See the Table of Lineal Measure, onle., page 56. i 
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necessary to be laid down on paper, a plain scale or 
diagonal scale * is used for that purpose. Lines which, 
on account of their position or other drcomstances, are 
inaccessible, are reduced to the determination of angles, 
and measured by the quadrant, theodolite, telescope, &c. 

When a line is mentioned simply, it means a straight 
line. 



* Plain and diagonal scales are of extensiTO ose in the accurate con- 
stmction of geometrical figures, and are usually laid down on the rules 
contained in a case of instruments. They may be constructed on paper* 
as iiollows :~ 

TO UAEM A SCALE OP ITBK PARTS. 

Make any very short distance between th^ points of a pair of compasses, 
and repeat it ten times along a straight line ; take the length of ten dlTi- 
sions, and repeat it along the line as often as may be necessary, and a 
scale of even parts will thus be formed. By means of this scale, the 
lengths of lines may be compared with each other. 

TO XAKS A DIAOOMAL 80AL1. 



— 




Make a plain scale with eteren horizontal lines, placed at such equal 
distances from each other, that each of the larger divisions of the scale 
may form a square. One of the larger divisions, AB, being divided into 
ten equal parts, join such parts by diagonal lines— namdy, from the point 
A to the first division on the lower line, from the first division on A B to 
the second division on the lower line, and so on ; and number the several 
divisions. Then if A B be called 100, each of the divisions between AB 
wiU be 10, and the first distance between the perpendicular and diverging 
line below A, wUl be rVth of 10, or 1 ; between the next two divisions, 3. 
ftc. If A B be called 10, each of the divisions between A and B will 
be equal to 1, and the distances between the a^'acent lines below A, 
Tvth, riF^hs, &e. If A B be called 1, then each of the divisions between 
A B win be 1 7th, and the distances between the lines below A, TTnT^l^t 
T fifth, &c.; hence, this scale is equally adapted for representing and 
comparing numbers by lines, whether these numbers be integers, deci- 
mals, or whole numbers and decimals. For delineating figures of dif- 
ferent sites, two of such scales, graduated at different distances, are 
Qsnally marked on the same ruler.— A'<cAt«'« Geomehy, 

Q 2 
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1. Of Itight Lines. 

A RiaHT Lists* is that wbieh lies eveitly betweea twa 
points^ and between whicb it is the shofteat distance. It 
can be exhibited by stretching » 
between two points ; as A B*« 




fit' 



* nLOtttUB SCLATIK6 TO SIGHT Lixncr. 

1. Tf dMde B Hne #hft» M» eguM |Ur/f>^Vtom tke 
iwhtfs A atttd B, wHb imy Mdhi» or oy&aSm^ of * fair 
of ecn^Mff giMtef thatt balf <rf A B, detertko t«^ A t- 
arcs, cutting each other in C and D; draw C D, and 
it wiU cut A B in the foitit S, ttaUng AB-e^cial to 

e. 2b dMck » Urn InM My numket vf afwi^ 
|Miftt.^Fiem tbe wtda A and B of tho (iTC* 
Uofl^ dlww two linof* A P and B K, of v^S 
Wgth, parallel to each other (oce pft0» 66) i 
then set off any numher of equal parts from 
A towards P, and likewise from B towards 
K; draw lines between the corresponding 
pointo H M, O U F I, ht.^ and they will divide A B into equal parts , 
as required. 

iwo parti qf another Hne.^From A draw 
any line A C, equal to m n. and upon it 
transfev the divisions of the line mn^ 
namely* m r and r n ; join B C, and para]« 
lei to it| draw D £; then AS ; £B : : «i r 
: rn, 

4, To find a third proportional to two given 
Une$, — Flace the two given lines, A 6 and A D, 
so as to make any angle with each other at A ; 
f^om AB, the greater, cut off a part, A C, equal 
to A D, the less ; join BB, and draw C E paral- 
lel to it; then will A£ be the third propor- 
tional required, namely, A B : A D : : AD : AE. 

5. To find a mean proportional hetxceen two given 
Knes.'—Jom. A B and B C in one straight llne~ 
namely, make AC equal to the sum of them, 
and bisect it in the poiilt o ; with the centre 
o, and the radius o A, describe a semicircle; 
at B erect the perpendicular BD, and it will 
be the mean proportional required — namely, 
AB : BD : : BD : ZC-^Keith't Meaturer, 




A- 

A- 



D 



-B 
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2. Of Curved, Lines, 
A Curved Line continually changes its direction 

between its extreme points ; as A B. y>^ ^v^ 

Curves are of an infinite variety of ^f \^ 

kinds ; but only one of them (the circle, hereafter to be 
explained) falls within the limits of elementary geometry, 

3. Of Perpendicular Lines. 
A pERPENDiculiAR LiNE* is ouc which, A 

meeting another line, does not. incline more 
towards one end thereof than towards the 
other ; as A B. 



* TO DBAW A FBBPBNDIOULAK UFON A OIVSN LINS. 






.n- 



/i 



\^. 




1. On each side of the point A, take equal distances, as & A and A c ; 
from h and c as centres, with any radius greater than 6 A or c A, describe 
arcs cutting each other in n ; then will a line drawn firom the point A, 
through », be the perpendicular required. 

2. With any radius, from the point o as a centre, describe the arc 
mB fi, cutting the line in m and B ; draw a line from the point m through 
the centre o to n ; then a ^e drawn through the point n to B, is the 
perpendicular required. 

3. On the point B as a centre, with any radius, describe the arc Imn, 
cutting the line la I ; with the same radius, and ^ as a centre, cut the arc 
in m ; and with m as a centre, cut it in n ; then from m and n as centres, 
describe arcs cutting each other in r ; then a line drawn from B through 
r, will be the jlerpendicular required. 

4. From the point B, on the line A B, take three equal parts (as feet, 
inches, &c.) to m ; and from tn and B as centres, describe arcs cutting 
each other in n, making the distance from B to n four parts, and from 
m to » five parts ; then will the Une B n be the perpendicular required. 
—Templeton^s Engineer, 

When the measurement is upon a large scale, the last rule will be found ' 
the most practicable, unless a cross-staff or theodolite can be brought 
into action. A perpendicular, or vertical line, from an horizontal surface 
which is perfectly level, may be found by means of a plumb-line. 

o 3 



4\ Of Pkralid HihesT 
pA«AlLT?L8*''aafe'Straiglrt'lines^ in 
a plane, which never meet, tKangH' ^ ^' 

extended ever so far both ways; as* (t ^jj 

AB,C1>. 



I li I i KMM wi 




* THBOBBM8 BBLATINQ TO PABALLBL LI1VB8. 

1. Parallel straight lines wtreeveryvhfere equally distant. 

2. Straight lines whiob are parallel 40 the same straight line, aie<panUe 1 
to each other.— £iic. i. 30.' 

1. To draw a parallel Hne at a given dit* 
tancc—Ttom any two points m, n, in the 
line A B, with the extent of £ in the com- 
passes, describe two arcs, o,#; then draw A fl* '•Ti- 
the line C D, touching those axes without "^ — — ^— — — B ^ 
cutting them, and it will he the parall^ E— — 
reqiiired. 

2. To draw a parallel line through a given point O' • 

—Let be the given point, and take any pomt m ^ y*.^ ' : — T ^ 

in the line A B ; with mta a. centre, and distance - / " ***•>, ~ ' I 
«i 0, describe the arc o n ; with a as a centre, and I "" ^ ^^>J 

the same distance, descrihe the nenn; take the "^ n m ® 

arc n m your compasses, and apply it from m to * ; through o # draw C D, 
and dttwill be the pstailel required: 

TttB YBmsnetti ob lemrf tts.^ 

The.Teniiir,^ Nonius, (se^ callM after the name of it»Mi|9iMMA ixi*- 
rentor.) is an ingenious and useful appHcationof the prbperty-of^pvsUeftM 
tothe>fllLdiiig.stMU'peHiOx]tft of a line,aad is coDfknieted^as'fcai^^j— 




D 

Sai^piMft an inch, A B, divided. int» 19 -eq^al part*, eM^part^wfB.berrV. 
of an inch; Again, auppoee a line equal to d of these parts be oise divided) 
Into 10 equal parts, each of these will be tV of xVof; an- iiioh;.i«hifiib' i9« 
rJiF' But the^length of the first division bein«T7, or-pw. and-tlttt.of 
the second 11) 0* ono oi the first dlvisionsrisTT.^ of.aninehloi^r»tteai 
one of the second. If the line CD slide aloi% pwalM.taA B;tiil the* 
two divisions marked • 1,, 1, form a contintuoiK line,- the sUdiogaeate will* 
have moved xFi> par* of an inch towards B ; if it slidfrUlong'tiU tbeme&t- 
two divisioaw^eoincidei it -will have Moved xvn; of c an; iutbt.. Jbo»«MaiMUe^« 
Geometry, 

The theory of parallels is of the highest iaqiorteiMQ' im 
being an eMfnt i al-eleaeat. of. moU imamatatdkmm 
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B- 




D 



5. Of Ahgles. 

An angle* is formed by, the indina-* 
tion of two right Imes meeting each 
other in a point>; as C. 

When a line is perpendicolar 
to another, making the angles 
on both sides equal, such angles 
are called right angles ; as B A D, 
CAD. 

When the angle is not a right; 
angle, it is oblique ; and if greater. 
Xhan a right angle, it is called 
an obtuse angle ; as F £ H ; vrh&i- 
less, it is an acute angle ; as F £ G.. 

In order to measure an angle, a circle is oonadered to 
have its centre at the v£rte3^ or point where.' both the 
sides of. the angle meet. £very such circle, is- oposidered 
to be divided into 360 parts, called degrees u Qstch degree,, 
into 60 minutes ; and each minute^ into 60' seconds;, and* 
the size of the angle is calculated according: tp* the nuinhen 
of such degrees, &c., cut off &om.the^ circle: by the lines; 




B 



G 



* AXIOMS AND THB0BB1C8 BBLATINO TO ANGLBS. 

1. AU right angles are equal to one another. 

8L. Awgiaa that have equal mea««res j or a r ea, are «qiiaL 

S. When two lines intersect each other, 
the opposite angles are equal; for the 
anglds E B A and A B D are together 
equal to two right angles, and the angles • 
CBD aad ABDare also equal to two 
right angles; therefore the angle EBA 
is equal to the angleO B D. 

4! When one line meets another; the angles 
which it makes on the same side of tiie line are* 
Itogetber equal to two right angles. Thus, ABC 
and GBD (both formed by the lines AD and 
B C) are-eqpal to two-right aof^es^ A 
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whicb form the angle. The magnitude of an angle, there- 
fore, does not depend upon the length of the lines by 
which it is contained, hut upon the opening between such 
lines, that is, the extent, calculated in degrees, &c., to 
which the branches are separated the one from the other. 
Thus, the angle ABC being mea- 
sured by the arc G H, is less than the 
angle D B E, though the lines A B 
and C B, which make the former angle, 
are longer than the lines D B and B E, 
which form the latter. A right angle 
is equal to 90 degrees, and four right 
angles are equal to the whole circle ; 
an acute angle is less than 90 degrees ; 
an obtuse angle is greater than 90 de- 
grees ; all the angles that can be made 
on the same side of a straight line, are 
together equal only to two right angles, or 180 degrees. 
Hence, angles may be compared with each other by com- 
paring the number of degrees contained in the inter- 
cepted arcs of a circle described from the angular point as 
a centre. Thus, if the arc D E contains 80, and D G 
20 degrees, the angle E B D will be four times the angle 
ABD. 




5. When a line intersects two parallel 
lines, it makes the alternate angles equal 
to each other. Thus, the angle A E F 
is equal to the alternate angle E F D. 

6. When a line cuts two paraUel lines, 
the outward angle is equal to the inward 
apposite one on the same side ; and the 
two inward angles on the same side, are 
together equal to two right angles. Thus, the outward angle O E B will , 
be equal to the inward opposite angle E F D ; and the two inward angles 
B E F and £ F D, taken together, will be equal to two right angles. 
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When «A angle is expressed by three letters, the middle 
letter al^rsys stands at the angular point* When there is 
only one angle, it may be named by the letter placed aft 
the angular point* 





PXOBLSMd. 

1. To deicHbey enlarge^ or diminish an angte.-^ 
Take two line«» A B and B C, meeting each other 
in the point B ; conceive these two lines to open 
like the legs of a pair of compasses, so as always 
to remain fixed to each other in B. While the 
extremity A moves from the extremity C, the 
greater is the opening, or angle ABC; and, on 
the contrary, the nearer yon bring them together, 
the less the opening, or angle, will he. 

2. To bisect an angle.^TTom. the centre C, with 
any radias, describe an are m n ; from m and n, as 
centres, with the same radios, describe two ares 
crossing each other in o ; draw C o, and it will 
diride the given angle A C B into the two equal 
angles A C o and B C o. 

3. To draw a line qf chords.^-'Lei the arc 
A C B be a quadrant, or quarter of a cir* 
cle ; divide it into 90 parts» or degrees, 
and draw straight lines from A to each 
division; we shall thus have chords of 
all aves from 1 degree to 90. Then on A 
as a centre, with the compasses, transfer A 
these divisions to the chord line AB, 
which mark with the corresponding 
numbers, and it will become a line of 
chords. 

4. To make an angte qfifi degreH htf ihe scale qfehofds, 
—Take the extent of 60 degrees from the line of 
chords, with which, from the centre A, describe the 
arc om; take 30 degrees from the same line^ and set 
them off from o ton; through n draw A » ; thennAB 
is the angle required. 

5. To make an angle qf 150 degrees. — Produce 
the line B A to m ; with the centre A, and the 
chord of GO degrees, describe the semicircle 
o n m; take the given obtuse angle from 180 
degrees, and set off the remainder— namely, 30 
degrees— from m to n; then n A B .is the angle 
required. 
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Part II. — Mensuration op Superficies. 

A Surface, or supeificies, has two dimensions, length 
and hreadth. 

A plane f or plane surface^ is that which is eyerywhere 
flat and even, or which will touch every part of a straight 
line, in whatever direction it may be laid upon it. 

A curved surface is that which will not coincide with a 
straight line in any part ; and such curved surface may 
either be convex (that is, rising up) or concave (that is, 
hollow). 

A superficies may be contained within one curved line, 
but cannot be contained in fewer than three straight lines. 

The figures which are usually the subject of Mensura- 
tion of Superficies, are either rectilinear (that is, such as 
are bounded by straight lines only, including triangles, or 
three-sided figures, quadrilaterals, or four-sided figures, 
and polygons,) or curved (that is, such as are bounded 
by curved lines, including the circle and its segments 
and sectors, the ellipsis, the parabola, and the hyper- 
bola).* 

The hose of a figure is the side on which it is supposed 
to stand erect. 

The altitude of a figure is the perpendicular height 
from the base to the highest part. 

The Mensuration of a plane figure, or other surface, 
consists in ascertaining the quantity of space contained 
within its boundaries, technically called, finding its area, 

* THBOKBMS APPLICABLB TO SimBFICIBS OBIHIBALLT. 

1. All similar fig^es are to each other as the squares of their homo- 
logous or like sides. (See the theorems relating to triangles, quadri- 
laterals, &c., infr<L) 

2. Similar figures described in circles are to each other as the squares 
of the diameters of those circles. (See the theorems relating to the 
circle, &c., infra,) 
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This area is computed from another space of a determi- 
nate form and magnitude — ^that is, from a square, whose 
side is one inch, one foot, &c., called the fneaawing'tmU. 
The dimensions are taken in lineal measure, usually in 
inches and parts of an inch, (as tenths or eighths,) and 
are reduced to square inches, square feet, &c., according 
to the nature of the thing measured ; and the numher of 
such square inches, feet, &c., contained in the figure, is 
called the area of the figure. 

The area of a superficies, properly speaking, is the 
magnitude of its surface, without regard to depth or 
thickness ; but as most plane surfaces are measured with 
reference to some solid body of which they form a part, it 
is usual, in excise calculations, to take the dimensions as 
if they were one inch deep, because the divisors for re- 
ducing them to gallons or bushels are in this denomina- 
tion. This is in anticipation of the mensuration of solids, 
for the inches thus taken are, in fact, solid or cubic 
inches ; but this mode of calculation materially facilitates 
the reduction of the area into the proper number of gallons, 
bushels, &c., contained in any utensil of which the plane 
figure may form a part. When, therefore, the area of any 
figure is mentioned, it will be understood to signify the 
content in cubic inches, unless otherwise expressed. 

After the area has been found in inches, it may be 
reduced into bushels or gallons either by dividing it by 
2218*192, or 277*274, the number of square inches con- 
tained in a bushel and gallon respectively ; or by multi- 
plying it by '000451 or '003607, the proper factors for 
bushels and gallons respectively.* 



• Vide ante., paged 31, 32. See» also, the Tables for reducing Cnbie 
Inches into FoundB* Weight, Gallons, and Bushels, respectiyely, pagei 
51,53,55. 
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1. Of Triangles. 

A Triangle is a figure, or Buperficie^ 
bounded by three ri^t lines. It is jtoned 
by a liae cenjiectisg the legs mr extiremitieB 
of an angle, and has, therefore, three sidies 
and three ao^es. If all the lines be «q&al, A 
it is called an equilateral triangle ; as P. If two of the 
lines be equal, it is called an isosceles trian^^e ; a« £. If 
all the sides be unequal, it is said to be a scalene triaiigle ; 
as F. A triangle is right-angled, as A B C« wjhen two 
of the sides are perpeadkukr to each other ; ajui it is 
obtuse-angled* as B, or aeute-a^gled, as C, according 
as it has one of its angles obtuse, or all of them acute. 

In a ri^t-angled triwgle, as A B C, the lower line, 
A B, is usually called the hAse; the upright line, as B C, 
the perpendicular ; aad the other Hiie» as A C, idte 
hffpothenitse* 





vnoaBUS, Sbo., iriLATiKa to ^raiAvauu. 
Tlie following are some of the pxioperties-of triangles upon which axe 
founded many of the calculations in mensuration, as well superficial as 

solids. 

1. The sum of the angles of every triangle ii 
equal to two right angles, or 180 degrees. 

S. The sum of any two sides of a triangle are 
gseaterthan its third side; and the difference of 
any two sides of a triangle is less than the third. 

8. The greater side of erery triangle lies opposite the greater angle, and 
tSeevena, 

4. Every triangle is equal to half a parallelo- 
gram of the same base and altitude. 

5. If one angle of a triangle be a right angle, 
the sum of the other two vill also be equal to a 
sig^t angle; and. each of them singly will be 
acute* or less than a right angle. 
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The triangle is the most important figure in Geometry, 
and its various lines bear thrmost interesting relations to 
each other. Its three angles are always eqnal to two right 
angles ; its sides are proportional to the sines of their oppo- 
site angles ; and the sides of different triangles having eqnal 
angles, are proportional to each other. The triangle is 



6. In an isosceles triang^e^ the an^es at the base 
are equal ; or, if a triangle have two sides equal, tbeir 
opposite angles will also be equaL 

7. When a triangle baa two of its angles equal, the 
sides opjwsite to them are equaL 

8. If one side of a triangle be produced, the 
outward angle will be greater than either of the 
two inward opposite angles. 

9. If one side of a triangle be produced, the 
outward angle is equal to both the two inward 
oi^site angles taken together. 

10. The square described on the hypotenuse, 
or side opposite the right angle of a right- 
angled triangle, is equal to the sum of the squares 
deseifbed on the othet two sides : thus, Uhme 
be the righfe-angled trian^e, right-angled at a» 
and hO, ch, and o D the squsree described on 
its sides, tbeti the square c D will be equal to the 
squares b O aftd c h. This is one of the most 
importaai properties of the triangle. 

IL Tlie side of a square inscribed in a triangle, equals the product of 
the base and altitude ditided by their sum, 

12. Jf two triani^es have two sides of the one respectively equid to two 
sides of the other, and the angles contained between those sides equal, 
the triangles will be eqnal in erery respect. 

13. If two triangles hare all the sides of the one 
respectively equal to aU the sides of the other, they 
are equal in every respect 

14. If two triangles have a side of the one equal to 
a side of the other, and the angles at the extremities of those sides equal, 
the triangles will be equal in every respect. 

15. The segments into which diverging lines are 
cnt by parallels being proportional to one another, 
triangles between the same parallels are to one an- 
other as their bases. Let A C be divided into any 
number of equal parts, and let C B be joined, and the 
lines kf,he, and gbhe drawn parallel to B C, then 
Afr : Ag : : Ae : A^andA/: Ait : : AB: AC. 
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easily measnted ; and as all figures may be reduced to 
triangles, the principle on which this measurement is 
founded, (namely, Trigonometry,*) is applied to most of 
the problems in Astronomy, Greography, and Surveying.^ 

18. Triani^ef, when their bases are equal, are to each 
other aa their altitndet ; and when their altitudes are equal, 
they are to each oilier as their bases : therefore, nnirersall j, 
when neither are equal, they are to each other in the oom- 
ponnd ratio, or as the rectangle or product of their bases 
and altitudes. Let D B be parallel to the side B C of the 
triangle ABC, then wiQ AD:DB::AE:BC. AB: 
A C : : A D : A E ; and A B : A C : : B D : C E. Let 
Hke angle A C B, of the triangle A B C, be bisected by the 
line C D, making the angle r equal to the an^^e »; then 
will the segment A D be to the s^[ment D B, as the side 
A C is to the side C B ; or, A D : D B : : A C : C B. 

17. The areas of similar triangles are to one another as \' 
the squares of their corresponding sides. 

IS. If two triangles hare an angle of the one equal to an angle of the 
other, their areas are to one another as the product of the sides con- 
taining that angle. 

* TmiaoHomnT. 

Trigonometry is the method of determining the aides and angles of 
triangles. It has been seen (page 68) that angles are measured by the 
arcs of a circle which they include ; and as all triangles which have eqaal 
angles hare all their sides equal in proportion, it is easy to infer that the 
angle at the cfsntre of a circle has the same ratio to four right angles that 
the arc intercepted between the lines which contain the angle has to the 
whole circumference of the circle. Upon this principle, the quadrant of a 
circle with a very large radius has been minutely divided, and the dif- 
f«rent angles connected with each such minute division calculated and 
reduced to tables ; so that other angles bearing the same relation to the 
area of any other circle, may be determined by pro- T 
portion. It wUl only be necessary here to refer to the 
particular lines of the circle on which these calculations 
are made. A E is the diameter ; C D is the radius ; Ji. 
B O is the sine ; C O is the corsine ; or C A is the ra- 
dius I A F is the tangent, and C F is the secant. 

f PS0BLBM8 HBLATIKG TO TBI ANGLES. 

1. To describe an equHaterol triangle on a given 
bW.— With B as a centre, and radius equal to 
A B, describe an arc ; with A as a centre, and 
distance A B, cross it in C ; draw A G and B C ; 
then will A B C be the equilateral triangle re- 
quired. 
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To FIND THE AREA. RuLE I. — Multiply the base 
by the peqiendicul^r height, and half the prodact will be 

- ' ' ■■ <1 I. I ■!■ ■■! . II I — 

2. To make a Mangle fnm three given Unet. — 
With A as a centre, and radius A C, describe an 
arc ; witli the centre B, and distance B C, cross 
it in C; draw A C and B C; then AB C is the 
triangle required. 

3. To make a triangle from two given iidet and one given angle, or two 
given angles and one given tide.^It two sides are giren, set off the angle 
from the line of chords, and the two given lines ttom the scale of equal 
parts (see page 63) ; join the two given lines, and it will produce the tri- 
angle required. If two angles and one side are given, measure the length 
of the given line by the scale, and set off an angle at each end by the line 
«f chords. (See fig. to Theorem 1.) 

4. To find the ^erpenc^unUar cf a triangle* C 
Bt CoNSTAUCTioN.—Bisect either of the side6 
containing the angle from which the perpendi* 
cular is to be drawn, as B C, in m; with the 
radius m B, and centre m, describe an arc cutting 
A B (produced if necessary) in D ; draw C D, and 
It wffl be the perpendicular required. 

Bt Calgulatiom.— 1st Add the square of the 
base to the difference of the squares of the two 
sides ; the sum, divided by twice the base, will 
give the greater segment; and this, subtracted 
from, the whole base, wiJl give the less segment. 
2nd, From the square of die greater of the two 
sides subtract the square of the greater segment, Ji. 3 
or from the square of the less side subtract the square of the less 
ment ; the square root of the result will be the perpendicular sought. 

The perpendicular height' of alb equilatersd triangle may be found by 
multiplying the base by '866, or, more correctly, by 'S660254. 

5. Two iides of a righi-angled triangle being given, to find the third tide. — 
Mcdtiply the sum of the hypotenuse and one side by their diffisrence, 
the square root of the product wUl give the other side. 

6. To find the htfpotenme'qfa right-angled triangle, two Hdei being given. 
Bt Construction.— From the point B, In AB, (see fig. 1, page 78.) 
draw B C perpendicularly ; set off the given lengths on A B and B C ; 
join A C, and it wiU be the hypotenuse required. 

Bt Calculation.— To the square of the base add the square of the per- 
pendicular ; the square root of the sum will give the hypotenuse required. 

7. The hypotenute and one side qf a triangle 
being given, to find the other tide. — Bisect A C in 
m ; with m as a centre, and the distance m A, 
describe an arc ; with A as a centre, and dis- 
tance A B, cross it in B ; then A B C is a right- 
angled triangle, and B C is the required side. 

h2 
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the area. Or multiply the base by half the perpendicukr, 
or the perpendicular by half the base ; the product, in 
either case, will be the area.* 

Rule II. — If the perpendicular is not known, subtract 
each side separately fr(Hn half the sum of the three sides ; 




8. To find the height qfa perpendicular a^eet hff mean* of two rods placed at 
right angles to one another,— "Let E B and B C ^ 
be two straight rods forming a right angle at 
B ; place them on a stick or stand with three 
feet, at F, so that the eye may be conve- 
niently applied at E. Place C B perpendicu-- 
larly, by means of a plumb-line hung from C ; 
if it be so placed that the top of the object, D, 
be seen in the same straight line with E and C, and If the distance £ G 
be measured, we have EB:BC::£0:GD, which, being increased 
by the height of the eye, (that is, by A G,} will give the height of the 
oigect. 

9. To find the height <^ a perpendicular dtoect by meam qf on artificial 
horiison. — Place any substance capablQ of reflect- 
ing light uniformly (as the surface of mercury* 
ink« soft treacle, &c.) at H, and the eye at E, so 
that the top of the ohgect may be seen by reflec- 
tion in H. Measure the height of the eye, C E, 
and the distances C H and H A ; then C H : 
CE::AH:AB. 

10. To find ^ height qfa perpendicular object by mean* qfits shadow,— 
As the shadow of a perpendicular stick is to the height of the stick, so is 
the shadow of the otject to the height of the object. (See BHehie*$ 
Oeometrff. 

* BXAKFLBS AVPLIOABUI TO EUIA I. 

(1.) Required the area of a triangle ABC, the base A B being 6 laches, 
and the perpendicular A C being also 6 inches. 

Inches. C 

Perpendicular AC 6 
BaaeAB 6 




• ■ • ■ 7 




Area 18 inches. 



The triangle ii here obviously the half a square, the whole of which 
would cut into 36 square inches, supposing each of the small squares to 
represent one square inch ; half of this, therefore, constitutes the area of 
he triangle. (See page 17.) 
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maltiply the half-sum and the three remainders continu- 
ally together, and the square root of the last product will 
be the area.* 



(2.) Required the area of a triangle ABC, the hase 
B C being 60 inches, and the perpendicular A D being 
23-5 inches. 

23*5 (perpen. ) X 30 (| base) ^^ 705 inches. Ans. 
. (3.) Required the area of a triangle, the base being 
396, and the perpendicular 174. 

396x87 = 34452. Ans. 

If the area of a triangle be divided by half the perpendicular heightt 
the quotient will be the base. 

If the area be divided by half the base, the quotient win be the perpen- 
dicular height. 

This rule is deduced from the following geometrical theorem : — The area 
of a triangle is a mean proportional between two rectangles, one of which 
is ccmtained by faidf the perimeter or limits of the triangle, and the excess 
of half the perimeter above any one of its sides ; and the other is con- 
tained by the excesses of half the perimeter above each of the other two 
sides. 

* EXAMPLES APPLICABLE TO EULB II. 

(4. } Let A B C be a triangle, whereof the sides A B = 40, A C = 28, and 
B C = 32, required the area. 

4 ( A C + A B -I- B C) = i ( 40 4- 28 4- 32) = 50. A 

50 — 28 = 22^ 

50 — 32 = 18 1 The three remainders. ^ 

50 — 40 = 10) y^ 

Then, 50 x 22 x 18 x 10 = 198000, whereof the square X a / 
root is 445 square inches nearly, the area required. B CD 

If the triangle be equilateral the area will be found by multiplying one- 
fourth the square of a side by the square root of 3 ; or, which is the same 
thing, by multiplying the square of a side by '433, or, more correctly, by 
•4330127. 

Conversely, if the area of an equilateral triangle be given to find its 
side, divide the given area by '433 ; the square root of the quotient is the 
side required. 

If the triangle be an isosceles, the area may be found by multiplying the 
sum of one of the equal sides and half the third side by their difference, 
and the square root of the product by half the third side ; the result will 
be the area. 

This mode of finding the area of a triangle is useful where only the 
sides are given and the triangles are acute-angled, isosceles, and scalene ; 
it is also used in determining the area of a trapezium from the four sides 
and one of the diagonals ; but wherever the perpendicular can be mea- 
sured or easily found, it is better to act upon the firat rule. 

H 3 
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2. Of Quadrilaterals. 

A QuADRiLATBKAL,* OT fuaclrai^le, is 
a superficies bounded by four strsdgbt 
lines. If the opposite sides be parallel, 
it is called a parallelogram, A right- 
angled parallelogram, having all its sides equal, is a 
square; as A. A right-angled parallelogram having 
only its opposite sides equal, is a rectangle ; as C. If all 
the sides of a parallelogram be equal, but its angles not 
right angles, it is a rhon^us (sometimes called a lozenge); 
as B. If the opposite sides only of a parallelogram be 
equal, and the angles not right angles, it is a rhomboid ; 
as D. All other quadrilaterals are trapezoids or trape- 
ziums. A trapezoid has two of its sides parallel, but not 
equal ; as E. A trapezium has none of its sides parallel ; 
asF. 




MHJ/^ d 




* THB0EBK8 SBUttlNQ TO QUAIXBILATBBALS. 

1. In any quadnngle, the sum of aU the four inward angles is equal to 
four right angles. 

8. The opposite sides and angles of any parallelogram are equal to each 
other. 

3. If one ang^e of a parallelogram he a right 
angle, all the other three will also he right angles, 
and the parallelogram is a square or rectangle. 

4. The sum of snj two adjacent angles of a 
parallek^ram is equal to two rig^t angles. 

5. The sum of the squares of the two diagonals 
of a parallelogram is equal to the sum of the 
squares of all the four sides of the parallelogram. 

6. ParaUeiograms having the same hase and 

altitude, or equal hases and altitudes, are equaL KH B €Sr JL 

7. The areas of parallelograms having the same -D C ST T 
altitudes aie as their hases. Thus, ABGD:BEFC 
:: ABxDO : BExDO :: AB:BE. 

8. A trapezoid is equal in area to the product of its 
alUtudehy half the swn of its parallel sides. A. G B IE 




N 
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The square, on accoimt of its perfect regularity, is of 
great importance, both in pure and applied mathematics ; 
and it is the form to which, in the measurement of sur- 
faces all other forms are reduced, all areas being calculated 
according to the number of squares (as square inches, 
square feet, &:c.) which the surface contains. 

A line connecting two opposite angles of a quadrilateral 
figure, divides such figure into two triangles, and is called 
a diagonal ; as A B. 

9. In any quadrilateral flgore inacribed in a circle, 
the sum of the two opposite angles is equal to two 
right angles. 

PK0BLB1I8. 

1. To deicribe a tquan vptm a given tfntf.— Raise 
A D and B C each perpendicular and equal to A B, 
and join D C; A B C D wia then be the square 
required. 

S. Tojfind the diagonal qfa «9i«afV.— Take the square 
root of twice the square of the sides ; or» which is 
the same tiling, the square root of twice the area; 
or else multiply 1'4142196 (which is the square root 
of 2) by the side ; the product wiU be the diagonaL A B 

3. To ftndihe iide qfa tquare thai thall be any number qf times the area «/ 
a given «9ttare.— Let A B C D be the given square, then K L 
win the diagonal B D be the side of a square A E F O, 
double in area to the giren square A B C D ; and if the 
diagonal be drawn from B to 6, it will be the side of a 
square A H K L, three times the area of the square 
A B C D; or the diagonal B L will be equal to the side 
of a square four times the area of the square A B C D. 

4. To deteribe a rectangle qf a given length and 
ifwAlft.— Erect AD and B C perpendicular to A B ; 
let A B be equal to the given length, and A D and 
B C each equal to the given breadth ; join D C, 
and it is done. 

5. To find ihe diagonal qf a reefongle.—Extract 
the square root of the sum of the squares of any two adjacent sides ; the 
root wUl be the diagonal. 

e. To convert a trapezoid tnA> a paralldogram.— Lei 
A B F O be a trapesoid. Bisect F O in G, and 
through C draw D E parallel to A B, meeting A O 
produced in D ; then the paraUelogram A £ will be 
equal to the trapesoid; for the triangle D C O is 
equal to the triangle EOF. 
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I. To FIND THE AEEA OF A PARALLELOGRAM. — 

Multiply the length by the breadth, or perpendicular 
height, and the product is the area.* 

II. To FIND THE AREA OF A TRAPEZOID. Mul- 
tiply the sum of the two parallel sides by the perpendi- 

* BXAHPLBS APPLICABLE TO BULB I. 

(1.) Let the side of the square A B D C be 14 in- 
ches, what is the area 7 

Inches. 
AB 14 
AC 14 

196 Area. 

This operation is simply the converse of extract- 
ing the square root, as explained in page 17 ; there- 
fore, as the area is found by squaring the side, so, conversely, the side is 
found by extracting the square root of the area. 

(2.) What is the area of a square whose side is 40 inches 7 

40 X 40 = 1600 inches. And. 

(3.) What is the area of a rectangle, the 
length A B being 18 inches, and breadth B D 
9 inches 7 18 x 9 = 162 inches. Ans. 

The same result is obtained by finding a 
mean proportional between the length and 
breadth, and then squaring it. This process 
is easily performed on the sliding-rule, as will 
be more fully explained in the proper place. 

The areas of rectangles and similar figures are frequently required to 
be found at once in gallons or bushels, and several expeditious methods 
have been suggested for this purpose. One of these is a Table of Semi- 
squares, (calculated by Mr. Todd, excise officer, and published at the 
Government press,) which is used something like a Table of Loga- 
rithms, addition and subtraction being substituted for multiplication and 
division. (See the section on Prisms, and the Table on Semi-squares, &c., 
ifiifira.) 

If the area of a rectangle be divided by one of its sides, the quotient 
will be the adjacent side. 

(4.) Let the sides of the rhombus ABDC=40 ^ J^ 

inches = A B = B D, and the perpendicular B F 37 <r % 

inches, what is its area 7 40 x 37 = 1480. Ans. • \ - :\ 

The perpendicular breadth of any parallelogram / \ /..\ 

wUl be found by dividing the area by the length ; and » \ /: \ 
the length will be found by dividing the area by the F U 3fl C 
breadth. To find the diagonals, the angles must be 
known, and the operation wUl require Plane Trigonometry. 
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cular distance between them, and half the product will be 
the area.* 

III. To FIND THE AREA OF A TRAPEZIUM. Mul- 
tiply the sum of the two perpendiculars by the diagonal 
upon which they fall, and half the product will be the 
area.-j* 



* 8XAMPLB APPLIOABLl TO SULS II. 

(5.) Let A B C D be a trapesoid, one of the parallel sides being 40, and 
the other 30, and the perpendicular distance between them 108, what ia 
the area? G B C 

AD + BC=»40 + 30»70 Sum. 

CI 108 ^^ 

8)7140 



^ Ana. A H 1 D 

The reason for this rule will appear from the construction of the figure 
(and see theorem 8). The same result would be obtained by changing 
the trapezoid into a parallelogram, aa ia problem 7, and operating by 
Rule I. 

If the area of the trapezoid and the sum of the parallel sides be giren, 
the perpendicular distance between them will be found by dividing the 
area by half the given sum. 

■(■ BXAMFLB APPLIOABU TO SULI III. 

(6.) Let A B C D represent a trapezium whose diagonal, A C, is 00 in- 
ches, the perpendicular B F 15 inches, and the perpendicular D E 87 
inches ; required its area. 

Inches. B 

BF 15 ^X^N. 

DE 87 ^^ j N. 

48 Sum. y^l^ \ ^v 

AC 00 A,^— I ^'---^^ 

8)8580 \ I ^^^^-"■"^"'^ 

1880 Ans. ^t^''^^ 

D 

The reason of this rule ia sufficiently obvious ; it is, in efi'ect, the same 
aa if the trapezium were divided into two triangles, and the area of each 
triangle found and calculated together. 

If the trapezium can be inscribed in a circle, the sum of its opposite 
anglea will be equal to two right angles, and its area may be found by 
adding the four sides together, and from half the sum subtracting each 
side separately; the square root of the product of the four remaladera 
will give the area of the trapezium. (For the mode of measuring figurea 
by equidistant ordinatea, see section 6, injta,) 
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8. Of Polygans. 

Plane figures having more than four sides, are gene- 
rally called polygons^* and receive their particular denomi- 
nations from the number of their sides or angles. 

A pentagon is a polygon of five sides ; an hexagon^ of 
six ; an heptagon, of seven ; an octagon^ of eight ; a non- 
agon, of nine ; a decagon, of ten ; an undecagan, of 
eleven ; and a duodecagon, of twelve. 

A regular polygon has all its sides and angles equal ; 
when they are unequal, the polygon is irregular. 



* TBAOKBXS KBLATINQ TO FOLTOONS. 

1. Th« sum of all the interior angled of any reetilineal fignre is equal to 
twice as many right angles aa the figure lias sides diminished by fbnr 
right angles. 

2. When every side of any figure is produced out, the sufii of aU the 
outward angles thereby made is equal to four right angles. 

3. Similar polygons described in circles are to each other aH th6 circles 
in which they are described, or as the sqiia es of tlid diameters of those 
circles. 

PAOBLBICS. 

1. To imcribe a reguiar pofygon in a given 
ein;]^— Diride the diameter A B into as 
many equal parts as the figure is te have 
sides ; extend the perpendicular o m beyond 
the circle three-fourtiis the extent of the 
radius o n ; from m» through the second diri- 
sion of the diameter A B, draw m C ; join 
A C, and it will be the side of the polygon 
required, or nearly so. 

2. To construct a pentagon with the Hne cf 
ehordt.—The sum of all the angles = 2x5—4 . 
s= 6 right angles or 540 degrees, (see theorem 
1); hence each angle contains 108 degrees. At A and 
B draw A C and B C, making with A B angles 
of 54 degrees (half 108) ; from C, with the distance 
A C describe a circle, then A B repeated along the 
eircumference wiU obviously go five times exactly ; 
for the angle A C B wiU contain 72 degrees, and, 
consequently, A B will be an arc of 72 degrees, 
which is the fifth of 300. 

Any other regular polygon may be constructed in the same manner. 
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To FIKB THE AREA OF A REOULAR POLYGON. 1. 

Multiply the perimeter (or number of sides in the figure) 
by the perpendicular falling from the centre upon one of 
the sides, and half the product will he the area.* 

II. If the perpendicular he not known, multiply the 
square of one side of the polygon by the area of a similar 
polygon the side of which is unity.'f' 



3. To eonttruet an hexagon leUhout ike Une qfekord»,—OR the line A B 
(see the fi^re below) describe the eqailateral triang^le A C B ; from C, 
with the radius A B, describe a circle ; then A B will go exactly six times 
round the circumference, and form a regular hexagon A B D E F O. 

4. To describe a regular octagon on a given Une. 
Bisect A B by the perpendicular G D ; make G D 
equal to A G, and join A D ; make D E equal to 
A D, and E will be the centre of a circle which 
will circumscribe the required octagon; repeat 
A B along the circumference, and AB F O H K L M 
win be the octagon required. 

* BXAMPLB. 

(1.) Let one of the sides of the hexagon ABDEFGbe72 inches, then 
the perpendicular C H will be 68*35 ; what is its area 7 

Inches. 
72 
6 sides. ^> 

433 
62-35 




2 ) 26935-20 



13467-60 Ans. 




Here it will be seen that half A B x C H »= the area of the triangle 
A C B ; and the figure contains as many such triangles as it has sides. 
This rule is, in effect, only resolving the polygon into as many triangles 
ae it has sides, by supposing lines drawn from its centre to all its angles, 
and then taking the sum of their areas for the area of the figure. 

* The area of a polygon of which the side is unity, or 1, may be found by 
oonstnicting such a polygon with a side of one inch, and calculating the 
area according to. Rule 1 ; or it may be demonstrated by Plane Trigono* 
metry. Whence, as all regular polygons of the same number of sides are 
similar to each other, and as similar figures are as the squares of their 
like sides, (JSac. vi. 20,). the square of the side of any polygon multiplied 
by its area, when its side is unity, is equal to the area of the polygofu 
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III. To FIKD THE AREA OF AN IRREGULAR POLYGON. 

— Reduce the figure, by diagonals and perpendiculars, to 
as many regular figures (as squares, triangles, trapeziums, 
or trapezoids) as may be most convenient, and add the 
several areas together ; and the sum will be the area of 
the whole figure.* 



(See B(mnyccutle*s Mensuration, 55.) The area of a pentagon whose side 
is unity, is thus found to be 1*7204 ; of an hexagon, 2*598; of an hepta- 
gon, 3*6339 ; of an octagon» 4*8284, ftc. (See the Table, infira.) 

EXAHPLB APPLICABLE TO BULE II. . 

(2.) Let the area of the above hexagon be required. 

A B (72) squared is 5184, which, multiplied by 2598, (see the Table 
referred to above,) gives 13468*032 nearly, as before. 

Jf, instead of finding the area in inches, it be desired to find it at once 
in bushels or gaUons, it is only necessary to multiply the squase of one 
Bide of the polygon by the proper factor, which may be found by dividing 
the respective areas referred to in the rule by 277*274 for gaUons, and by 
2218*192 for bushels. In this way is constructed the Table of Factors 
for finding the Areas of Regular Polygons, which will be found in a sub- 
sequent part of this work, the use of 
which will be seen by the foregoing 
rule and examples. 

* EXAHPLB APPLICABLE TO BULB III. 

(3.) Required the area of the irre- 
gidar figure ABCDEFO, the fol- 
lowing lines being given : — 

OE=:47 FH = 13*5 DI = 29*25 

BD=46 GL = 6*5 AK = 19*5 

Here (29*25 + 13*5) X 47 = 42*75 X 47 = 2009*25 = twice trap. D E F G. 

And (19*5 + 6*5) X 46 = 26 x 46 = 1196 == twice trap. A B C D. 

2 ) 3205*25 




1602*625 r=s area ABCD E F O. 



When any part of the figure is very irregvilar, oreven 
bounded by a slight curve^ it is usual, in surveying, to 
erect a namber of perpendieidan, as in the annexed 
flgc^, adding the length of each together,- and dividing 
the sum bytheir number for a mean breadth, and then 
multiplying such mean breadth by the length of the base. This will 
give the area of that part of the figure required, or nearly so. In excise 
calculations, however, irregular and donbtfixl curves, 3tc., are measured 
by equidistant ordinates. (See section 6>u|/ra.) 
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4. Of the Circle and its Sectors. 

A Circle* is a plane Hgure bounded by a cnrved line 
called the circumference, which is everywhere equidistant 
from a certain point within it, called the centre. 

The diameter of a circle is a right 
line drawn through the centre and 
terminating in the circumference on 
each side ; as A B. And any line 
drawn from the centre to the circum- 
ference, as C D, is called a radius, 

A semicircle is equal to one-half of a circle ; as A D B ; 
and a quadrant is equal to one-quarter of a circle, as 
A CD. 

An arc of a circle is any part of the periphery or cir-? 




* THBOBEKS BBLATIMG TO CIBCLBS, SCC. 

1. If a line drawn through or from the centre of a 
circle bisect a chord. It will be perpendicular to it ; or, 
if it be perpendicular to the chord, it will bisect both 
the chord and the arc subtended by the chord. 

2. Any chords in a circle which are equally distant 
from the centre, are equal to each other ; or, if they 
be equal to each other, they will be equaUy distant 
from the centre. 

3. An angle at the circumference of a circle is mea- 
sured by half the arc that subtends it. 

4. The angle formed by a tangent and chord is mea- 
sured by half the arc of that chord. 

5. An angle at the centre of the circle, as C, is 
double an angle at the circumference, as D, when 
both stand on the same arc or chord. 

6. Any two parallel chords in a circle intercept 
equal arcs. 

7. The area of a circle is equal to the area of a triangle whose base is 
equal to the circumference, and whose jterpendlcular is equal to the 
radini. 

8. The area of a eircle is equal to a rectangle contained under half its 
periphery and half its diameter. 

9. Any angle in a semicircle is a right angle. 

10. All angles in the segment of a circle, or standing on the same axe, 
an equal to eaeb other. 

I 
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cumference. The chord, or subtense, of an arc, is a right 

line joining the two extremities of such 

arc, as D E, which is the chord of 

D G E, or of the arc E B A D. The 

figure which is contained by an arc 

and its chord, is called a segment ; as 

D G E. And a figure contained by 

any arc and the radii drawn to its extremities, is called 

a sector ; as A C B. 





11. A square circumscribed about a circle, is equal 
to four times the square of the radius ; and a square 
inscribed in a circle, to half the circumscribed, that 
is, to tM ice the square of the radius. 

12. Similar figures inscribed in circles hare their 
like sides, and also their whole perimeters, in the 
same ratio as the diameters of the circles in which they are inscribed. 

13. Similar figurea inscribed in circles are to each other as the squares 
of the diameters of those circles. 

14. The circumferences of all circles are to each other as their diameters. 

15. The areas or spaces of circles are to each other as the squares of 
their diameters or of their radii. 

16. The versed-siaes of similar segments are as the diameters of the 
circles to which they belong ; and the areas of those segments, as the 
squares of the diameters. 

Let B D C B and b d c b he any two similar seg- 
ments, cut off from the similar sectors B D G O B and 
hdcObthy the chords B C and 6 c ; and let the per- 
pendicular O D bisect them. Then, by similar tri- 
angles, D B : d 6 : : B O : 6 O, and BB : db : : D f» 
: dn; whence, by equality, B O : & O : : D m : d n, or 
2BO:2&0 ::Dm :dn. 

Again, since similar segments are as the squares of their chords, it win 
be C B« : c 6« : seg. C D B C : : seg. c rf 6 <?; but C B« : c b* : : O B« 
: c fc*, whence, by equality, seg. C D B C : seg. c d 6 c : : O B* : O &• ; 
or, seg. ODBC: seg. cd6c::4BO*:46 O*. — Bonnyautle** Mensth- 
ration ; and see Mosg*s Guagingt page 91 ; see also page 93, ir^fra, 

PKOBLEMS BELATINQ TO CIBCLSS. 

1. To find the diameter of a circle from the circuntference, and to find the 
circuntferencefrom the diameter. — ^As 7 is to 22, or as 113 is to 355, so is the 
diameter to the circumference, nearly. And as 22 is to 7, or as 355 is to 
113, 80 is the circumference to the diameter, nearly. Or thus: Multiply the 
diameter by 3* 1416 for the circumference: or divide the circumference by 
314i6, or multiply it by -31831 (the reciprocal of 3* 1416) for the diameter. 
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A sine, or right sine, of an afc^ 
is the line drawn perpendicularly 
from the arc to the diameter; as 
A G. The versed sine is the part 
of the diameter intercepted hetween 
the arc and its sine ; as E G. A 
tangent is a line touching a circle 
without cutting it. 




f» 



.-?:■.. B 





9. To find the centre qfa given circle. — Take any 
three points A B C in the circumferenoe of the 
circle, and join A B and B C ; bisect A B and B G 
iirith the perpendiculars n o and m o, meeting each 
other in the point o ; then o is the centre required. 

By this problem it will be easy to describe a 
circle through any three given points that are not 
in the same straight line, or to describe a circle 
about a given triangle. Also, if any arc of a circle be given, the whole 
circle may be readily described. — Keith's Measurer, 

3. To find the length of the arc qfa circle, Bt 
CoNSTBUCTioN. — Divide the chord A B into 
four equal parts ; set one part, A C, on the arc 
from B to D } draw G D, and it will be nearly 
equal to half the length of the arc. 

By Galculation.— Multiply the radius of the 
circle by the number of degrees in the given arc, and that product by 
'01745329 (the length of one degree of a circle when the radius is 1) ; the 
last product will be the length of the arc ; for the circumference of a 
circle whose radius is 1, is nearly 6*28318, (see page 90, infra,) hence 
S-28318 divided by 360 degrees, gives -01745329, the length of the arc of 
1 degree to radius 1 ; and the length of the arc of 1 degree to any other 
radius must be multiplied by that radius ; and this product being multi- 
plied by the number of degrees in the arc, will obviously give the length 
of the specified arc. This rule is correct, but the following approxima- 
tive one is frequently used :— From eight times the chord of half the 
are, subtract the chord of the whole arc, and one-third of the remainder 
will be the length of the arc, nearly. 

4. In a given circle to inscribe a square. — Draw any ^ 
two diameters, A B and G D, perpendicular to each nry 
other ; then connect their extremities, and that wiS 
give the inscribed square A X> B G. 

If a side of the square, as D B, be bisected in m, 
and a Ime o «n n be drawn from the centre of the 
circle to cut the circumference, then if the line' B n 
be drawn, it will be the side of an octagon inscribed 
in the circle. — KeUh's Measurer. 
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Concentric circles are those which have the same ceBtre, 
and the space in eluded hetween their circumference is 
called a ring. The space included hy two parallel chords 
is called a circular none ; as A B F E. And the space 
included hetween the intersecting arcs of two eccentric 
circles is called a lune. 

There is no figure that affords a greater variety of use- 
ful properties than the circle ; it is the most capacious of 
all plane figures, or contains the greatest area within the 

5. To find the ride qf the iiueribed a^^iorc-^TSxinct the square root of 
twice the square of the radiiM, or semi-dUneter, of the circle, and the 
root is the side of the greatest aquaie that ean he inscrihed ia it. Or 
thus : Multiply the diameter of the eircumserihuig drde 1^ '7671068, or 
the circumference hy *2!^07dl ; the product will, in either ease, give the 
side of the inscrihed square. 

6. To make a square eqwd in area to a given 
etrde. — ^Divide the diameter A B into fourteen 
equal parts, and make A G equal to tdeven of 
these parts ; erect the perpendicular O C, and 
join A C ; then the square A E D C, formed 
upon A C, is equal to the whole <drcle whose 
diameter is A B, exceedingly near the truth. 

7. To find the ride qf a square equal m area 
to a given circle. By C^LOULATioMd — ^Multi- 
ply the diameter of the'circle hy 'SMSSflB, or the clrcmnference by -8890948. 

Bt CoMSTBUCTioif .— Draw the two diameters A B and C D at right 
angles to each other ; hiaeet the radius C hy a 
line from one end of the diameter A B, meeting the 
circumference hi £ ; the line A E will then he the 
side of a aquare nearly equal in area to the given 
circle. And if the line E F he drawn parallel to C D, 
it will he one-fourth of the circumference, nearly ; 
or, three times the diameter A B or CD, and once 
the versed^ine Q H of the angle A O D, will be the circamferenee, nearly. 

S. To find the diameter and drcuK^enemoe qf a circle equal to a given 
«9uar«.— Multiply the side of the square by 1*1883791 for the diameter, 
and hy 3-&449076 for the circumference of the circle. 

9. To circunucribe a squatie abma a ecroie.— Drawr any 
two diameters I C an4 B D, at right angles to each 
other ; through the points B, C, D, I, and perpendbeidar to 
B D, I C, draw the outer lines, which will he tbe eqnase. _ 

10. Ih find the diameter and esrcuHtfewnoe ^ a eirde ^ 3 -K 
circumscribing a c^uar^.^MiAtiply Ihe aide of the inaeribod square by 
1-4148136 for the diameter, and by 4*4488889 for the circumference of the 
circumscribing circle. 
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same perimeter; or has the least perimeter ahout the 
same area. 

To FIND THE AREA OP A CIRCLE. — I. Multiply the 
radius, or half the diameter, hy half the circumference ; 
or, which is the same thing, multiply the circumference * 
by the diameter, and take one-fourth of the product ; in 
either case it will give the area.-!- 

II, Multiply the square of the radius by 3*1416 ; or 

* The reason for this rule is easily inferred from the doctrine of the 
regular polygon ; for in any circle a polygon may be inscribed of as many 
sides as we please ; and by increasing the number of sides, the polygon 
will approach nearer and nearer in dimensions to the circle, so as to 
come within any assigned difference. But the area of a regular polygon 
is equal to half the perimeter multiplied by the perpendicular ; and, con- 
sequently, the area of a circle is equal to half the circumference multi- 
plied by the radius, or half the di&metei. ~-Bonnycastle*s MennaxUion. 

-f BXAMPLB OF A CIBCLB BY BULB I. 

(1.) What is the area of a circle whose diameter is 42 and circum- 
ference 131-946 7 

2 ) 131-946 

65-973 Half circumference. 
21 Half diameter. 



1385-433 Ans. 



By applying the calculation of this rule to a circle the diameter of which 
is unity, or 1, factors are obtained which are of the greatest use in calcu- 
lations respecting circles and circular figures. Whatever the dimensions of 
a circle may be, it is evident that the circumference must always bear the 
same ratio to the diameter ; for a circle of any diameter (as half an inch, 
an inch, or two inches) is the exact representative of every other circle of 
any magnitude whatever, from the head of a cask to the disk of the sun. 
If, therefore, we can ascertain the ratio between any circle and its dia- 
meter, we have only to apply this ratio as a rule of proportion to any 
other circle of which we can measure the diameter, which is easily done, 
though, in many cases, to measure the circumference itself would be 
impracticable. Mathematicians, in different ages, have endeavoured to 
find the exact ratio the circumference and diameter bear to each other, 
which has been called, " rectifying the circle ;" but this may be proved to 
be, strictly speaking, impossible ; the quantities being such as are called 
incommensurable. But though the relation between the diameter and 
circumference cannot be exactly expressed in numbers, it may yet be 
approximated to any degree of exactness. Archimedes, about two thou- 
sand years ago, defined the proportion to be nearly as 7 to 22, Other and. 

I 3 
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the square of the diameter by '7854, and the product 
will, in either case, be the area.* 

III. Multiply the square of the circumference by 
*0795S, or divide it by 12*5664, and the product or 
quotient, as the case may be, will be the area. 

nearer ratios have since been successively assigned, namely, aa 108 to 
333, as 1702 to S347, and as 113 to 355, ftc. This last ratio is very useful 
for being turned into a decimal, and it agrees with the truth to the 
sixth figure inclusively; but the nearest approximation yet demon- 
strated is as 1 to 3'14159, &c., the decimal being extended to 188 places. 
This, however, is muqh further than can be useful for any practical pur- 
pose ; and, in most cases, it wlQ be sufficient to take the ratio as 1 fo 
3*1416, which is not quite a hundred-thousandth beyond the truth ; or even 
as 1 to 3-14, which is near enough where no gpreat nicety is requisite. 
Taking, therefore, the diameter of a circle as 1, and its circumference (for 
the reasons above stated) at 3*1416, the area wUI (by Rule I. } be as follows :— 
Half 3*1416, the circumference = 1*5706 
Half 1, the diameter., = '5 

Factor referred to in the rule '7854 



The factors thus obtained are the foundation of Bule II., which being 
the rule in most common use in excise calculations, ought to be well 
fixed in the memory. 

* BXAMPLB8 OF CIB0LB8 BT BULB II. 

(3.) Let the diameter of a circle, A B, be 5, what is its area 7 
5 X 5 = 85 Square of the diameter. 
•7854 Factor 



196350 




A. 



(3.) What is the area of a circle the diameter of which is 48 7 
4S> X -7854 = 1764 x 7654 = 1385*4456. Ans. 

Hence, if the area of a circle be divided by *7854, the square root 6f the 
quotient will be the diameter ; and if the root of the area of a circle be 
extracted, it will give the side of a square equal in area to the circle. The 
area of a circle multiplied by *6366197, and the square root of the pro- 
duct extracted, wiU give the side of the inscribed square. 

If it be required to find the area in gallons or bushels instead of inches, 
the area, found as above, may be divided by the number of inches contained 
in a gallon or bushel, as the case may be. (See page 84.) Or, which is the 
more usual and readiest mode, the square of the diameter may be multi- 
plied or divided at once by such a number as will produce the same result 
as if the square of the diameter were multiplied by *7854, and afterwards 
divided by the number of inches contained in a gallon or bushel respec- 
tively. The number thus found is called a circular divisor, or fkctor, as 
the case may be, and is found as follows :— 
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IV* To FIND THE AREA OF THE SECTOR OP A CIRCLE. 

— Find the aiea of the whole circle ; and if the sector be 
a semicircle, a quadrant, an octant, or any known even 
part of a circle, take one-half, one-quarter, &c., of the 
whole area for the answer. 

y. Multiply the radius by half the length of the arc 
of the sector ; the product will be the area. 

- - — - - — - — ■ 

TO FIND A CIRCULAR DIYI80R FOR GALLONS OR BV8HBLS. 

DiYide the Bumber of cubic inches contained in a gaUon or bushel b j 
'7854, the circular factor for unity ; this ¥rill give the number of cubic 
inches contained in a circular gallon or bushel, as the case may be. Thus : 

277-274 -^ '7854 = 3530362. Circular divisor for gaUons. 

2218192 -7- -7854 = 2824*2879. Circular divisor for bushels. 

TO FIND A CIRCULAR FACTOR FOR GALLONS OR BU8HRL8. 

Divide *7854, the circular factor for unity, by the number of cubic 
inches contained in a gallon or bushel respectively ; the quotient is the 
circular factor for one gallon or one bushel, as the case may be. Thus: 
•7854 -r 277'274 = •00283257. Circular factor for gaUons. 
•7854 4- 2218*192 — 00035407. Circular factor for bushels. 

The circular divisors and factors inserted in the Table page 57, are 
found in the manner above explained. The following example will show 
that the result la the same, whichever way the work be performed: — 

(4.) What is the area, in gaUons* of a circle the diameter of which is 
34 inches, and the depth 1 inch 7 







By the circular 


By the rule. 


By the circular 


factor. 


34 


divisor. 


34 


34 


84 
34 


34 


1156 




1156 


•7854 


353036) 1156 (3'274 


•00283257 



277-274 ) 907-9224 ) 3-274 3.27445092 

For facility of reference, tables are constructed founded on the foregoing 
calculations. (See the Table of Areas of Circles in Imperial Gallons, tf^n.) 
Rule III. is founded on the following calculation : — It has been seen 
that the circumference multiplied by the diameter and divided by 4, will 
give the area ; and as the diameter is equal to the circumference divided 
by 3- 1416, the circumference multiplied by itself, (that is, the square of 
the circumference) divided by 3*1416, and the quotient by 4 ; or divided 
at once by the factor, 12'5664 = 4 x 3'1416, will give the area. The 
same result would be obtained by the following proportion :— As 88 
is to 7, or as 1420 is to 113, so is the square of the circumference to the 
area. Hence, if the area of a circle be divided by '07958, the square root 
will be the circumference* 
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VI. As 360 is to the degrees iu the arc of the sector, 
so is the area of the whole circle whose radius is equal 
to that of the sector, to the area of the sector required.* 

VII. To FIND THE AREA OF THE SEGMENT OF A 

CIRCLE. — Find the area of a sector having the same arc as 
the segment ; find the area of the triangle formed hy the 
chord of the segment and the radii of the sector ; then if 
the segment be less than a semicircle, the difierence of 
these two areas will give the answer ; but if the segment 
be greater than a semicircle, take their sum for the area 
required. 

VIII. Multiply the versed sine by '626 ; to the square 
of the product add the square of half the chord ; multiply 
twice the square root of the sum by two-thirds of the 
versed sine, and the product will be the area. 

IX. Divide the height, or versed sine, by the dia- 



PB 



* These rules are eyidently the same in efEbct as those for finding the 
area of the whole circle. The length of the arc may he found by pro- 
blem 3, page 87, or by actual admeasurement. 

BXAMFLES OF 8BCTOE8, BT BULB T. 

(5.) Let A D B E be a sector, whereof the -rv 

radius A E measures 17 inches, and the arc 
A D B 26 inches ; the area is required. 
Inches. 
17 Radius. 
13 Half the arc. 

Ans. 221 inches. 

(6.) LetADEBCAbea sector 
greater than a semicircle whose radius 
A C is 20-6; the chord B D of the arc 
DEB, 35'4 : and the chord B E, of half 
that arc, 20*35962 ; required the area. 

The length of the arc BED will be 
found, by prob. 3, page 87, to be 42*49232 ; 
then 42*49232 X 20*6 = 875-341792, the 
area of the sector required,— ifciM'* 
Ifyasurer. 
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meter, and find the quotient $n tiie table of veraed-tines ; 
multiply the number on tlie right hand of the veraed^Bine 
by the square of the diameter, and the product wiU be the 
area.* 

X. To TUfD THE ABBA OF A CIRCUtAIl ZOKC— Find 

the area of that part of the zone which forme a trapezoid, 

BXAMPLB or A 8BGMBNT. BT BULB Til. 

(7.) The radius AC is 10, and the chord 
A B is 18; wbat if the w^ of th^ segmeut 
AOB? 

Here AF = 4AB = 9; and since A Cs = 
A F« -f F C», (see page 73,) therefore F C» 
= A C« — A F« ==r 10« — 9« = 100 — 81 = 
19, and extracting the root, gives F C = x/19 
«=4-'3989989; whence FO=-=CO-^CFe» 
10 ~ 4-3588989 = <^-6411011« and A O' == A F* 
4- F G« (see page 73; = 9« + 5-6411011* — 
118-83^022, and extracting the root, gives 
AG =^ 10-622. nearly; then 10'^^^ X 8 -- 18 

^^•^g-^«=.ggJ? = 22-325=arcAGB;and»-"^X^P^22-325x5 

3 3 9 

1«4,10 + 10 38 
= 111*625 = area of sector CAGB. Also, ^ — ^sf=^l9=^haU 

the sum of the sides A C, C B, and B A ; whence 19 ^ 10 = 9 = first aawi 
second dijSareoiCe, and 19 — 18 ■« 1 »? third difference. Andv^l9x9x9xl 
= 9 ^/ 19 = 9 X 4-2588989 » 392300901 =:^ area of the triangle B C A ; 
whence 111*4^ — 39*23 3= 72*595 ^ area of the segBteat leqvured ; it b^ing, 
in this case, less than a semi<}ircl». 

The following is a near approximation to the above rule ^'^To the cube 
of the versedr^ine, divided bj twice the length of the ehord, ad4 tiro- 
thirds of the product of the chord multiplied bjr tim versed'-^e, a»4 thf 
sum will be the area of th^ segment, nearly. < 

The table to which Role IX. refers, and which table will be found in 
a 8tA>sequent page, is formed of the areas of the segments of a circle 
whose diameter is 1, and which is supposed to be divided, hy perpen- 
dicular chords, into 1000 equal parts. The reason of the rule itself 
depends upon the pioperty jeferred to in Theorem 10, page 86, 

* BKiUCPLB PF A 8B«MENT, BT AUUS JX* 

(6.) If the diasneter of a circle be 80 inches, required ^he Mea of % 9eg^ 
vent thereof whose versed sine U 30 inches. 

30*000 -7- 80 9 -375 Tabular versed sine. 
-269013 Tabular segment to versed sine -375. 
6400 Square of ^ke diameter, 80. 

1721-6882 Ans. 
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by the rule in page 80, and the area of one of the segments 
at the end of the trapezoid, by the rule in page 92 ; add 
the area of the trapezoid to twice the area of the segment, 
and it will give the area of the zone required. 

XI. To FIND the area OF A CIRCULAR RING. — Sub- 
tract the area of the smaller circle from that of the 
greater ; multiply the difference by '7854 ; the product 
will be the area required.* 

XII. Multiply the sum of the diameters by their dif- 
ference, and that product by '7854, and it will give the 
area required. 

XIII. To FIND the area OF A LUNE. — Find the 
areas of the two segments from which the lune is formed, 
and the difference will be the area required. "j* 

* EXAMPLES OF A ClfiCULAB RING. 

(9.) What is the area of the space included between 
two circles, the diameter of the greater circle being 50 
inches, and of the less, 25 7 

Here 50« = 2500. and 25* ^ 825 ; then C«00— 625) x 
•7854 = 1875 x 7854 = 1472-625 inches. Ans. 

The area of a circular ring may also be found as follows : — 

Let c = circumference of greater circle, b = breadth of ring, and n 
t=: 3*14159 ; then area of annulus, or ring, = 6 ( c — nb), 

(10.) What is the area of the space included between two concentric 
circles, the circumference of the greater circle being 157*08 inches, and 
the breadth of the ring, 12-5? 

Here 12*5 (157 08 — 314159 x 12-5) = 125 (157-08 — 39*269875) -= 18-5 x 
117*810125 = 1472*6265 = area of ring. 

-I- EXAMPLE OF A LUNE. 

(11.) Bequired the area of the lune A B C D, the chord A B being 48 
inches, and the part of the diameter cut off by it, C £, 18 inches, and 
D E, 12 inches 7 

AE« 24« 576 n 

Here C E-|-ce-= ^ + 18" = 18 +!§ = 18 + 38 

= 50 = diameter of circle of which A C B is a segment; 
then i-|- 3= '36 = tabular versed-sine. 

'25455055 Tabular area to versed-sine '36. A £ B 
2500 Diameter squared. 

636*376375 Area of segment A C B. 

By the same rule, the area of segment A D B will be found to be 402*56566 ; 
whence, 636*376375 — 402*56568 = 233*810695 =r area of lune A C B D A. 




CHA.P. II.] 



MEKSURATION. 



95 




5. Of the Ellipsis^ Parabola, and Hyperbola,* 

An Ellipsis is a curved figure bounded by a circum- 
ference, as A C B D, and described from two points in 
its longest diameter ; it is a curve sucb as the planets are 
supposed to describe in revolving about the sun. If two 
lines are drawn perpendicular to each C 

other, and terminated both ways by the 
circumference, as A B, C D, they are 
called the transverse and conjugate dia- 
meters, or axis ; the longest line, A B, being the trans- 
verse axis, and the shorter, C D, the conjugate. The 
two points from which the circumference is described are 
called the foe it. 

* CONIC SECTIONS. 

" These three lines, fibres, and planes, (the ellipsis, parahola, and 
hyxterbola.) are called conic secticnst and form one of the most important 
parts of mathematics, which is distinguished forelegance ; demonstrating, 
-with surprising simplicity and heauty, and in the most harmonious cop- 
nexion, the different laws - according to which the Creator has made 
worlds to revolve, and the light to be received and reflected, as well as the 
ball thrown into the air by the playful boy to describe its line until it 
falls again to the earth."— (7oRiwrxah'on« Lexicon, 

A conCt (as wiH be seen in the Mensuration of Solids) is a solid having a 
circle for its base, and its top terminated in a point, or vertex, and formed, 
according to Euclid, by the revolution of a right-angled triangle (as B D £, 
fig. 1) about one of its sides (as D E) which remains fisLed, the point B 
describing the circular base. 

If a cone be cut by a plane passing through the vertex, the section is 
a triangle ; as B D E, fig. 2. If a cone be cut parallel with its base, the 
section is a circle ; as C D, fig. 3. 

E E 




C A 




C A 
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A Parabola is a curve, supposed 
to be tlie line whicb would be described 
by a cannon ball ; as A P B ; and an 
hyperbola is a curve more open than the 
parabola. The branches or sides of these 
two figures are geometrically described 
as indefinite, but, for the purposes of mensuration, they are 

H the cone be cut obliquely, tbat U, nearer to the base at one end than, 
at the other, a curve is obtained, which is called an eOiptu ; as D C, fig. 4. 
If the section be made parallel with one side of the cone, the curve is 
called a parabola, as C F O, fig. 6. If the section forms a greater angle 
with the base than is made by the side of the cone, the curve obtained 
is called an Jofperboia, as I L D, fig. 5. 

O P 






THS0KSU8 KBLATIKG TO THB SLLIPSia. 

1. The sum of two straight lines drawn from the foci of an ellipsis to 
any point in the circumference is equal to the transverse a&is, and is 
always the same, to whatever point the lines are drawn. On this is 
founded the usual method of describing an eUipsis. (See prob. 1.) 

2. As the square of the transverse diameter of an ellipsis is to the square 
of the conjugate, so is the rectangle of the abscissa to the square of the 
ordinate. 

3. As the square of the transverse dia- 
meter is to the square of the conjugate, 
so is the square of the ordinate to the rec- 
tangle of the abscissa. 

4. The square of the distance of the 
focus firom the centre is equal to the dif- 
ference of the squares of the semi-axis; 

thus, F(>» = A0»=C0» 
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usually iennmated by a stridg^t line, or ordmate, joining 
them at the widest part ; as A B* A line drawn horn 
the vertex, or uppermost point, so as to divide the para- 
bola or hyperbola into two equal parts, is called the axis; 
as O P. And the point to which every part of the curve 
has a fixed relation is called the,^>ett9. 

An ordinate in an ellipsis is a right-line drawn from 



& The area, of an ellipsis is a geometrical mean proportioxMil between 
the area of two circles whose diaipeters are the transrerse and eotyagate 
diameters of the ellipsis. 

THB0EPM8 KBI^aTXNO TO THB rARABOLA, 

e. The square of any two ordinates of a parabola are to each otiier as 
their corresponding idMcissas. 

7. The distance of the focus from the vertex is eqnal to fbe square of 
any ordinate divided by four times its abscissa. 

& The'afea of a parabola is equal to two-thiids of the ana of the 
ciffcuaauicribing paraUdogram. 

THSOEXHS RBLATINp TO THR BTPBBBQLA. 

0. As the square of any ordinate to the transverse diameter of an 
hyperbola is to the rectang\e contained under the corresponding abscissa 
and the sum of that. abecijBsa and the transverse diameter, so is the 
square of the conjugate diameter to the square of the tjransverse^ 

iO. The square-root of the sum of the squares of the semi-axes is 
equal to the distance of the.focus from the middle of the transverse axis. 

ni09LB|fS^ 

1. To conttrurt an ^psitjrom given fadL-^Ai a 
given dUtaiice on the plane on which the ellipsis 
is to be described, fix two pins, F and/, and pass 
a string P / F P round tHem. Keep the string 
stretched by a pencil P and move the pencil 
along, keeping the string at the same tension; 
then the ellipsis A B C D wiU be described. 

2. To determine tehelher a given cwU figure he a 
true eOipne.—'Fijaidi the two focii E, E, with the 
radius A O, and D as a centre ; attach a string, 
and move the point round, as in prob. 1 ; if 
the firing extends beyond the curve, as at n, the 
figure is less than an eUipsis; if it fklls short of 
the curve, it is greater. 

5. To find the circun^ference (fan eUipris, — Multiply the square-root of 
half the sum of the squares of the two diameters by 3*1416, and the pro- 
duct will be the circumference, nearly ; or multiply the sum of the two 
diameters by 1*5708, th^ product wUl be the circumference, nearly. 

K 
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any point in tlie curve perpendicolar to dther of tho cBa-r 
meters ; and an ordinate in a parabola or an liyperbo]a» ia 
a riglit-line drawn from any point in the carve perpendi- 
cular to the axis The ahitAua is that part of the axis 
which is contuned between the vertex and the ordinate. 



^m 




a. To deieribe an eUipiii, the two diameten 
heing given,— "DttiW the two diameters L M, 
m n ; make L o equal to m n, the shorter 
diameter; divide the remaining part, o M, 
into three equal parts, and set off two of 
them firom C to 8; through S draw m 8 E 
and n 8 O; and at a like distance ttomVh 
draw mD and » F; with the radios L 8 and eentve 8 daseiBw tte Aiei 
£ L O and F M D ; with » as a centre and radiris n 0» dMcribe tbm 
arc O F ; and with «» as a centre and radlutm lE^ deftcrlbe the we S D, 
which will complete the ellipsis required. 

C 2b Jmd the centra of mffghen dUftU^ or voai ^gme, and dram lAi 
lrtmff«fW(ifidco>|fti^ate(li«iMfert.--StrikeaIine (with a ehaOc Una, if tbe 
figure he large) on any part of the figure»as A B ; at a conTenimt distanee 
draw another line parallel to it, as C D (see proh. 1 and 8, p. 66}; draw 
a line, as F, through the middle of the lines ^ 

A B and C D, and the middle of this latter line 
at will he the centre of the figure. From the 
centre o, with a line (or string) of a suitahle 
length, make two marks in the periphery of the 
figure, as at OandH, at equal distances from o; 
from these marks draw the line O H, which 
bisect ft e, divide into two equal parts) in the 
poinlt d, i^m which point, and through the centie o, strike the trtiiflv«ne 
diameter, I J, upon which at o draw the perpendicular h K, for theeoQlik- 
gate diameter. The figure being thus quartered, the distaaoee.I ^ K J. 
J L, L I, will he equal, if the operations hare been eoiveetly pcgfonaeA. 

5. Toixrnttructapaniboiat.iho4tb9ciuaa$td 
an^ onUmUe to the oasU being given . B is ec t 
the given ordinate 8 m in B, join B v, and 
dr&w B D perpendicularly to it, meetiBg 
the axis produced in D ; make o v and « C 
each equal to D M, and o will be the focus of 
the parabola; take any number of points, 
m, m, &c., in the aad% through which draw 
the double ordinates tmt, &c., of an indefi- 
nite length; with the radii o C, «• C, Aw., 
and centre O, describe arcs cutting the cot* 
responding ordinates in the points 8, 8, &c., 

^d the curve 8 v 8^ dnwn throngli all th* polatff wQl be the ptnbalt 
required. 
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To FIND THK AEBA 01 AS ILLIPSU. ^Multiply 0116 of 

tke Bemi-azes by the otber, and by 3*1416 ; or one of 
tbe axis by the other, and by *7854. Or mnltiply *7854 
by one azu and the prodnct by the other; the laat product, 
in either caa^, will be the area.* 

* BXAMnAS Of siursM. 

(L) What is Um tna of «» ettlptia whoM tnofreife diameter, AB, ii 

S4y fjod the coi^ugnte^ C D« 18. 

(t) (iL) 

IB 14 

9 18 
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S*1416 -78M 18 Coi^. 




398-3988 Area. 898-2988 Area. 839-2988 Area. 

■■■■ . ..- .i> 1^ 1. " 

(8.) Beqnired the area of an ellipsis, of which the semi-axei are 488 
and 854 incites. Ans. 347913*8504 square inches. 

If it be required to find the area in bushels or gallons, the product of 
the tiro diameters may be divided' by the proper circular diyisors (see 
page 98.) namiriy, by 353-636 for gaflons, 8884*89 for bushels. Or it may 
be multiplied by the proper circular multipliers (-0088385 for gallons, 
-0003541 for bushels, see page 90); and the quotient or product, as the cas^ 
may be, will be the area in gallons or bushds. 

Another method of ascertaining the area of an ellipsis in imperial gal^ 
Ions, is by means of the Table of Circular Areas, infira, the rule for 
which, as published in Mr. Todd's tables, printed at the Oovemment 
press, is as follows : — ** From the sum of the areas of the transrerse and 
conjugate diameters subtract the area of their dififorenee. and half the 
remainder will be the area in imperial gallons.*' 

(3.) The transrerse diameter A B is 105*3 inches, the conjugate dia- 
meter C D 55*8 inches, and the difference of these diameters, that is, 
A B — C D s 49-5 inches ; what is the area of the ellipsis A C B D, in 
imperial gallons 7 Areas of circles in 

imperial gallons. 

Transverse diameter A B 1053 31*4077 

Cosgugate diameter CD 55*8 8*8196 

Sum of the areas of transverse and eoi^i^te 40*8878 

Diflbrence of the above 49-5 6*9405 



Double the area in imperial gallons 33.8868 

Heoee 83*8868 divided by 8 gives 16*6434 imperial gallons, the correct 
ar0« of the ellipse A C B D. 
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To FIKD THE ABBA OF A PAEABOLA. ^Multiply the 

base by tbe beigbt, and two-thirds of the product will be 
the area.* 

. To FIKD TfiB ABBA OF A* HtFERBOLA. — Multiply the 

traosverse by the abscissa ; to the product add fiYe-sevenths 
of the square of the abscissa, and multiply the square-root 
of the sum by 21 ; add four times the square-root of the 
product of the transverse and abscissa to the product last 
found, and divide the sum by 75 ; divide four times the 
product of the conjugate and abscissa by the transverse, 
and this last quotient multiplied by the former will give 
the area required, nearly. "f 



■J lW -JJ i I J 



This will be found the readiest mode of obtaioing the area <^ an eUipsto, 
and the accuzaoy of the 'rule is unquestionable, it being founded upon the 
property of an ellipsis as defined in Theorem 9, page 97. 

The area of an elliptic segment may be found by the Table of Circular 
Segments, as follows : — Divide the height of the segment by that axis of 
the ellipse of which it is a part, and find, in the table, a circular seg;nient 
whose versed-sine is equal to the quotient ; multiply the segment thus 
found and the two axes of the ellipsis continually together, and the pro- 
duct will give the area required. 

The area of an elliptical ring, or the space included between the elr- 
cnmferenee of two concentric and similar ellipses, may be fouiid l^ 
aubtracting the area of the less elUpna from the area of tbe grearter. 

Y 

* BXAMFLB OF ▲ FABABOLA. 

(i.) What is the area of the parabola X Y Z, whose 
height W Y is 13, and the base, or double ordinate, 16w 

1« X 16 =:> 188. and i X 190 =. '|* :=. 128i Ana. 

X W Z 

The area of ttie Jrtutum of a parabola (being that whtch remains after 

a part has been cut from the top by a line parallel to the base, as A C I> B, 
fig. 1, page 96) may be ascertained as follow^ : — ^Itnd a third proportional 
to the sum of the bases and one of them, to which add the other l>«se ; 
the sum, multiplied by two-thirds of the height, wUl give the area. 

t BZAMPLB OF AN HTPBRBOLA. 

(5.) In the hyperbola X Y Z, the transverse axis 
is 30 ; the conjugate, 18 ; and the abscissa, or 
height, (XW.) is 10; what is the area I Ans. 
151*6776. - y 
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6. Of Irregular and Doubtful Curves.* 

Most of the superficies tliat require measuring will come 
within one or other of the foregoing definitions ; hut, as it 
is sometimes difficult to ascertain to which definition a 
figure properly helongs, it is convenient to have a rule hy 
whicli any superficies can he measured without strictly de- 
fining its geometrical proportions. Such a rule has heen 

* The mle and examples given in this section for finding the area of 
curred figures hy meooa of equidistant ordinates, are from Mr. Moss's 
«* Treatise of Oaugiog/' (third edition. 1799). His observations thereon 
are aa f oUovra : — 

HBA8UBIKQ PLA1VB8 BT BQUIDISTAMT 0BDINATB8. 

** The general method of approximating the areas of curvilineal planes, 
by means of any given number of equidistant perpendicular ordinates, 
or diameters, was first demonstrated by the most illustrious Newton, 
and is well known to be a subject of rery great importance in speculative 
mathematics. And although this general method has already been 
adapted to the preseut subject, (particularly* first of all. by that excellent 
mathematician, the late Mr. Robert Shirtclifiie, in his * Theory and I^raetice 
of Gauging/ and afterwards by my late worthy and ingenious friend, Mr. 
Samuel Farrer, in the ' Appendix to Overley's Gauging,*} yet we find it 
has not sufficiently merited the attention of every practical ganger, which, 
it is presumed, is owing to the tediousness of the rules hitherto laid down. 
For this reason, I have endeavoured to put the matter in as clear and as 
practical a light as the nature of the sulgect can possibly admit of, and 
have illustrated the same with suitable examples ; and, moreover, to 
oblige the speculative readers, I have given in the subjoined note the 
demonstration of this method ; which, indeed, does not essentially differ, 
except in one circumstance, from what is given by that incomparable 
and most profound mathematician, the late Mr. Thomas Simpson, in his 
Dissertation, page 109. And from the said demonstration, I have de- 
duced two general rules ; one for approximating, with any even number 
of equidistant perpendicular ordinates, the area of any curvilineal space, 
bounded by two perpendicular right-lines and a curves and the other, 
for obtaining, with any odd number of equidistant perpendicular ordinates, 
(or diameters,) the true area, very nearly, of any curvilineal space com- 
prehended either by a right line and a curve, or wholly by a curve. But' 
it is to be observed, that these rules, for the most part, will not approxi- 
mate the areas of such planes as occur in the subject of gauging so near 
as the following general rule, Ithe rule given in the iext^} which determines, 
very nearly, the true measure of any curvilineal plane bounded by three 
perpendicular right-lines and a curve of any kind; or by two parallel 
lines and two curves of any kind. 
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iiccordingly adopted ; and as, wHen accurately performed. 
It produces a very Hear approximation to the true measure, 



••It may be pfopef to obtf^rve here, tliat it will be ahrays neeefsary, 
aoeo^ding to our metbod of eonaidefuig the matter, to take aa odd num.- 
her of OTdinates; which, indeed, is miaroidable when an ordinate is 
taken (as it always is hi the practical method of takbig the dimensf oni of 
* eorviUneal back, &c.) exactly in the middle of the two extreme oidl« 
tiatea ; and therefore this method, which is comprehended in one general 
tule. let the odd number of ordinates be what it win, claims the preference 
in point of expedition, since it will appear, by the following examples, 
that a large number of ordinates does but rery little increaae the Iq^Mur 
and computation, which is to from befaig tiie case in any rules (founded 
«n faidubitable principle*) I hare hitherto mat with."-Jibtt** * ' 

'^ PROPOSITIOK. 

** Suppose the black curve line o » p to 
tepresent a imall portion of any curre 
whatever, and the dotted line vn pa, smaH 
portion of a common parabolic curre, each 
passing through the extremities of the three M« j 
eq^nidistant perpendiculars A v, B n, C />; * 
to find an expression in termH of those 
three ordinates (or diameters), and their 




A B C DQ E F 6 



common distance A B (B C, &c.) that shall accurately measure the para- 
bolic space, and, consequently, that comprehended by the black curve- 
fine, the ri^t-line A C, and the perpendiculars A v, C |>, indefinitely near. 

DBMONSTHATION. 

" Suppose the axis (P Q) of the parabolic curve« to be parallel to the 
ordinates of the proposed curre. draw the right-line (or ordinate) vtep, 
and paralM thereto draw M n S, which is well known to be a tangent to 
the parabolic curve, at the point n ; produce A t> and C p to meet M S in 
m and s. Then because it is proved, by the writers on Fluxions, that a 
parabola is two-thirds of a rectangle of the same base and altitude, it 
follows, from the very same principles, that the parabolic area vnpwv, 
is two-thirds of the parallelogram vmtp. Now, it is evident, firom com- 
mon Oeometryi that B n (=> Am + C« ) x 2 A B, is equal to the areft of 

2 
the quadrilateral space A m « C, and also that the area of the quadri- 
lateral AvmpC'iB expressed by Av-\-Cp (2 B «») x A B { moreover, it 
is plain that the quadrilateral A m « C is greater than the parabolic arc 
A V n p C, by exactly half what the quadrilateral AvwpC wants of that 
area ; consequently, twice A m « C (=> twice the parabolic space A « n jp C 
4- V np t&. or twice vmntp) added to A f wp C, gives three times the 
parabolic area A « n p C ; which area alone wUl therefore be expressed by 

^BnXSAPxAp + CpxAB, o »At>-^4BnU-t! p X ABy ^^ 
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it has received the ssnction of the Board of 'Exdae^ and 
has been published by their authority. 



therefore, when the three oHfantei (or p^rpendiculaM) are tmken pietty 
near to each other, the common paraboUe earre paMii^ throogh their 
extremities wUl rerf nearly coincide with any other cnrre paidng thiongll 
the same three pofa&ts ; because, as a parabolic cnrre has an inflnilv 
variation of currature, it may be Justly conceiTed to be, rery neariy. oo« 
incident with any other curre for a small distance ; whence, it is plaid, 

the aboTe eiqpression* (Ae + 4Bi» + C|» ^ Af ) wiU exhibit the aee«« 

8 

rate measure of the parabolic space AvnpCt and, coose^ently, rerj 
nearly (or accurately, under one particular circumstance) of that bounded 
by the right line A C, the perpendiculars A e, C p; and aity other cnrre 
line passing through the extremities (v, u, and p) of the three equidistant 
perpendiculars A v, B n, and C p, Q. E. D. 

" GoBOLLAKT L— From hence it is easy to dedoee a gtmenU mlt lor 
detomining, very nearly, with any odd number of equidiMant ordinalee« 
or perpendiculars, whatever, the measure of any curviUneal plane* 
bounded at its ends by right lines parallel to each other* For, let the per« 
pendicular distance of those two given parallel lines A v and OA, be 
divided into equal parts by any odd number of perpendiculars, B n, C |>« 
D e, &c., which, in some curves, are considered as ordinates, and in 
others, (particularly the parabola,) as diameters i and the greater the 
number taken, the greater wiQ be the degree of accuracy^ in every cnrvi<* 
lineal plane except the parabola, wherein it is strictly true. Then by the 

very same reasoning as we found A e ^> 4 Bn + C^ X ^^ fat the aien 

___^ 3 

Of Ae n pC, we get C jp4-4 D«-|-E/x5i(^) for the ana of 

3 Z 

Cpe/E. and likewise that of E/gA0==E/ + 4Fg + OA X A2 

3 
&c^ therefore the sum of those areas (each haTtog one common nwUI« 

plier) will be expressed by ^x Ae-J.4B»+8Cp-|-4De+»B/-f 4Fg-f OAT 

3 
ss the area of the currilineal plane AvnpeJghOt nearly i whence the 

general rule is manifest. (See page 107.) 

** Cob. 8. — If, at the extremity of any curriUneal space whose area if 

sought, the ordinate is supposed to vanish, then (A v being nothing) we 

have 4B»H-2 CpH-4 D «-f 8 B/+4 F g + G A-f &c. x ££ a 

3 
general expression for approximating« with, any even number of equftdis-* 

tant perpendiculars, the area of any curvHineal plane, bounded by two 

perpendicular right«lines and a curve. The above expression, in words, 

will be as follows :— To four times the sum of the first, third, fifth. Sec, 

perpendiculars (beginning at the least) add the last, and also double the 

sum of all the rest \ this total being multiplied by one-eighth of their 

common distancei the product wUl be the required area, nearlyi 



104 THE EXCISE officer's MANUAL. [boOK I. 

This measurement is effected by means of what are 
called equidistant perpendicular ordinates ; and although 

■ ■^- " ■ ... . ■ ■. ■■. 

*' CoE. 3.~Henee it appears, that it at botbi the extremities of any cur- 
tilineal plane, the ordinates, or perpendiculars, be supposed nothii^ we 

BhaU have 4Ba-H S i» + 4D0 + 2E/. + F ^ -i-OA+ &c. x :^? 

3 
a general expression for determining, with any odd number of ordinates, 

the true measure, nearly, of any CttrrUineal plane, bounded by one right- 
line and a curve^ or wholly by a ourre* , The expreskion, in words, will be 
thus :— To four times the sum of the first, third, fifth, &c . perpendiculars, 
add double the sum of all the rest ; this total being multiplied by one-half 
ot the common distance of the perpendiculars, the product gives the area 
sought, nearly. 

** ScHOLiuic.— The two preceding rules may be applied, with the 
^greatest facility and advantage, not only to the Mensuration of land, but 
also to that of several kinds of artificer's work, such as glazing, painting, 
paving, &c. i for if the boundary of any plane figure whatever, whose 
measure is sought, should consist partly of riglit-lines, and partly of curves 
whose properties are unknown, such figure may then be divided into 
triangles and curvilineal figures, each figure bounded either by a right- 
line and a curve, or by two perpendicular right-lines aud a curve; and 
therefore, any assigned number of equidistant perpendiculars may be 
found by actual dimensions, the measures of those curvilineal figures 
may, in many cases, with 5 or 6 equidistant perpendiculars, be approxi- 
mated to an amazing degree of exactness ; and that, too, when all other 
methods would prove ineffectual. It may be proper to observe further, 
that neither of the foregoing rules will (without taking a greater number 
of equidistant perpendiculars) approximate the measure of such curvi* 
Uneal planes as above mentioned, so near as that deduced from Cor. 1, 
provided the measure of the segment, or the part bounded by the curve 
and the least ordinate, ftc. , can be truly (or very nearly) obtained ; because 
the error increases towards the least ordinates or perpendiculars, on 
aocoont of their obliquity to the curve ; the length whereof, betweoi any 
two adjacent perjiendieulars, keeps continually Increasing, and conse- 
quently gives greater latitude for different curves to pass through the 
same three points, in those equidistant perpendiculars." 

*' If the number of equidistant ordinates (or perpendiculars) exceeds 
three ; then the general rule derived from Cor. 1. will not strictly agree 
with those rules obtained from the general method of differences, which 
determines a parabolic curve of some kind to pass through any assigned 
number of points ; whereas, in the method here laid down, common 
parabolic curves are supposed to be described through the first, second, 
and third, the third, fourth, and fifth, and throughout the fifth, sixth, and 
seventh, Sec, ordinates ; but the difference arising from computing the 
area of any curvilineal plane by these two methods, is extremely small, 
and can never be of the least consequen in the business of gauging, &c. 
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the rule more particularly applies to cnrred fignreB, thei< 
is scarcely any kind of snperficies upon a laige scale to 

" B«hne we proceed to numpli^ thU method. It may not be udIh M 
givB > feir genenl dlncttou for taUng the dimauiou of eunillaHl 
buki. inch M *n now beqaentl; nude vteotbj dlniUeii, kc."— .Mmi'i 



I. Tb dram ilAi ordinatu in a emted 
.fenre.— Find (he cantte, Md dniw ttw 
eoDjngUe i.ad tiiuTene diuneteti. I J, 
and E L, u in preb. 4. pige US ; hiTfng 
lliiu qaiitered the flgure.iet OIToDemch 
Mu ol the centre O. on the Une 1 1, taj 
two flqiialiUttuicei.fi, g, rttadti thea 
trom tho wntree p q. ud r >, and taj 
BOnT«][mt radiiu, (mch e4 will mmka 
the dlHance of mj two pudlel Una 

■omewhat leii thu whit too judg* Ha leut Drdlnate will bo takes.) 
denrlbe Uct cutting each other in tha point! (. ■■ ■^ », thcongh whkk 
■Hike the linn U K and P a iaterKcUng the oonjngate diameter tn tha 
point! f and f, reipei^iiTetj ; from tha point z *M olf euh waj, on tiM 
line H M, three, tour, or more equal dliUoeel, according u it <■ Intended 
to take aaren, nine, or more ordiaalea, tiMn j cue {If the figure he th* 
bottom of a TeraelJ that the distance between the aitreme ordioUea be 
■omewhat le» (Imt u Utile 1e» upoulblej tlian tha truUTene diameter 

point y, the tame number of eqnal diitince) on the Une F Q ; that ii. M 
the distance on the two Unea be equal and pirallel to tuh other ; through 
the point! 10 10, 11 II, ta., ttrike the ordinate! II, ES, Scc—Boardi' 
httracliani, and Mmi'i Gaagif, 

The geneialnuibodof AndLogtlMaaDtraaf an BBrtedflgare.lt to Man 
awiitant hold one end of the tape at I. and bj repealed trial! to And the 
longeat diameter at 1 1, which li then !ttuck with a tepe line. Bj tb* 
wune method the conjugate diameter K Lie determined, bring alwaja tlM 
longest that can be foond within the lignre, perpendicular to IJ. (XabU 
BHJ UlUe'i Bimgiiig, p. GT.J The distaneet tat the ordinatea are alw 
neuallj >el off bf meant of a tape and a thin piece of ohalk. 

1. lb tlrou U« onlinaiti tipim a aart Iim'Uij £ 

nil.— With a chalk'line atllka a line in inj 
part of the figure, aa A B ; and from centre! A 
and B deicribe ate* catling each other In c ; 
Ihrongh the point C, and the middle of tbe line j 
A B, at the point D, erect the perpendicular BF,*^! 
the middle of wbich. O. will be tha centre. In 
the middle and at each aide of E F. draw aper- 
peadicnlar, which irill torn the Une Q H, when 
the Bgore will be tml; qaaitned Ju the pointi 
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which it may not bd adTantageoiuly extended* The fol- 
lowing is the general role* the demonstration of which ie 

set ont at length in the notes : — 

' ' ' ' ' 

R, H, F. O; between th«§e pointi itrike the liaei B H. H F. F G, Md G B, 
iBd through the middltt of then Unet, B, U, T. 8* strike the lines I O J. 
and KOL, when the periphery wiU be dirided int» eight equsl puts.— 

• BXAKH.BS. 

<l.) Ii0t tt be let^irvd to find the area of a B 

eirele whose dUneter is 36 inches. 
It in the 4nsd|«ttt D B» equidistant Unes an 

dr^wp perpMdtcwltf t9 the diameter, their oom-> 
mon distance B F, (F G, fr«.) being 4 inches } A I 
then by the pn>pefty ©f the circle we get their 
lengtifs, lumOj, M 9rH, F 18-41, G 16-18, H 17-55. 

OBl^ 

Sam of the extreme ordinates ••••• .......•••••• 96*S4 

Four times the sum of the Snd and 4th (30-96) 188-84 

Twice the middle ordinate (1618) 88-84 

Total. 188-38 X 4 -r 8 

Which, being multiplied by one third of the common — — " 
distance, or (which is more convenient when the 
common distance will not divide) multiplied by the 
common distance (here 4) and the product divided by 

3b gives the area of the space O B e E K 848-093 

Add the segment D £ «, which (by reason of its small- 
ness. with regard to the whole circle) differs but little 
from a semi-parabola ^Q'^^ 

Oivestheareaof the quadrant DOB 854-073 

Whish being mnltiplied by * 

Gives the area of the whole circle 1016-898 

The area of the above eirde found by the common method ejLceeds this 
ealQuUttonby rimrths of a gallon; and by making use of a greater 
number of ordinates, the diflferenee would have been still less. 

(8. ) In a common parabola whose abscissa A B is 38, and A H 
theaemiordinate L B 84; it is required to find the area of 
the part A B D G, when B D (or the aemi-erdlnate C «) is 
equal to 18. 
A B being 88 by the property of the curve (p. 97), F H 30 

Sum of the two extremes 56 

Four times $he puddle perpendicular 180 

Total 176 

X I of the compon difference D F (F B) 8 

Area(stricttytrae)ofthepartABDC ••.... 85e 
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GlNSKAL V9hli FOK DETBEMINXNO, TXET V£ARLT» 
WITH ANt ODD N0XBE& OF XQUIDISTAVT OEDl- 
NATE8, THE MEAfURE OF ANT CUETILIlfSAL FLAKE 
BOUNDED AT BACH END BT AN ORDINATE, 

'* To the sum of the first and last, or the two extreme. 



PKOOF. 

TotliepanbolieueaC A«(teep«g«S7) (M 

Addthe«reaoffheieetaxigleDC«B S88 



Tbe aiea is (as before) 



(3.) Ifeqnured the area of the exarU 
lineal plane X R F £ E* whose axis,'E F. 
(biseeted b7AL,).is suiipoBed equal to 
112 inches; the perpendicular oidlaates, £ 
« 70, 6 79i R L SO, the next 78*0, and r 
09; the common distance, hd. Sec, 84; 
and, Hierefore, E «, (or F r,) 8. 

Sam of the two extreme ordinates . . « . 
Four times the sum of the 3nd and ith 
Doable the snm of the rest (5rd) .... 




MultipUedby^of S4 $ 

Area of the parts contained between 

the exlxeme ordinates «•.....••.•. 74S5*t 

AB70xB*8«5Wx2-r»« .... 878» 
IK69xFrS«S6«x«-rS 968 

Wholeareain inches 81t6-53 



a9f, E #• 

Beg. Ff. 



If it be required to ind the ana in gaUons or Imshids, the inches fbiuid 
as above may be divided by fmitti, or 2S18*10S (see pa«» 31); or such 
MB* may be found by zefeience to the proper tables; (fiee pages 58, 
K^ Sec.)' 

In the fin^gomg examples (Sie sreas of <he segn^toti are caleidated as 
if they were parabolas ; but. on account of the smalluess of K #, or F r, 
compared with the ordinates, it is immaterial whether such segments an 
eonsidered as parabolas or the segments of drvdes; and because, fai prac« 
tioe, the middle ordinate, R li, always bisects tiie axis,.B « is, in Uet, 
equal to Fr; therefore the area of the two segments £« and Fr, may be 
more readily obtained by multiplying the soita of tfartwo extreme ordi* 
nates r and #, by B # or F r, and taking two-tiiirdfr of the product; or, 
which is the same thhig, mult^yiiig themid sum of the ordinates by 
twiceB#,or twice Fr^ and taking one-tliird of the pnAxuti as in the 
following examples. 
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ordinates, add four times the sum of the second, fottrth,^ 
sixth and' eighth, or even ordinates, and also douhle the 



(4.) Required the area of the curri- 
lifieal plane A B R SL A R (bisected by 
B-S) being equal to 102 inches, the per- 
pendicular ordinates, 54-0, 60*0, iSS'S, 
B S 63-0, 62'4« 60-1, 54*6 ; their eommon 
distance 15 ; and, therefore, A & ( or 
Re) 6. 

Sum of two extreme ordinates 108*6 

Four times the sum of the Snd, 4th, and 6th ordinates 732'4 
Twice the sum of Che rest (1. e. 8d and 5th) 249*2 




Total 10902 



Multiplied by one third of 15, namely. 



Area of the part D C N P « 54510 

Sum of the first and last oi-dmates 108*6 

Multiplied by twice A b (or twice Re) . . 12 

Qae-third of the product will give the 
area of their segments 1303-2-7-3= 434*4 

The area of the whole figure... ,....,... 5885*4 

If the area of this ILgqre be computed as an ellipsis, it will come out 
3*63 gallons too little ; ** whence,*' Mr. Moss obsenres, ** it is manifiest that 
the revenue may be greatly iujured by gauging all currilineal vessels as 
eUipsis ; but if a due regard, be paid to the method here laid down, we 
shiJl be always certain of obtaining, very nearly, the true area of any 
curvUineal vessel, let its form be whatever it will. Though it is here said 
Ij^bat the revenue may be greatly injured by gauging all curvilineal vessels 
as ellipsis, yet I wbuldnot be understood to mean that every curvilineal ves- 
sel now made use of by brewers, distillers, &c., is greater than an ellipsis 
of the same tranverse and conjugate diameters; for, as a vast variety of 
curves may be described through the same four points, (A, B, C, D, see, 
for instance, the following figures,) it may sometimes happen that such a 
vessel may be less than an ellipsis ; and therefore, the general metiiod 
here given (which always approjpmates the true measure of the vessel, 
let its form be ever so irregular) will, in such case, be found senrit^able to 
the trader as well as to the revenue, when the vessel is greater than an 
ellipsis. 

*' It will be necessary to inform the practical reader, that the semi- 
oxiffiunate (n) of an ellipsis (see the preceding figure) is always equal 
to Ahe square-root of the product of |;he two parts (A n and n R) of the 
transverse corresponding to that semi-ordinate, multiplied by the quo- 
tient of the coEgugate, (B S,) divided by the transverse diameter (A R) ; 
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the rest ; this 'total being multiplied by oBe-tbird of the 
common distance of the ordinates, the product will give 

bence it follows, that when the semUordiiuites, thus obtained, oome out 
greater than what appean from their actual meowraUon, the Tesael ii 
then less than as ellipsis ; bat» on the contrary; when the aemi-ordinates 
come out, by the above method of computation, less than what ia found 
by mensamtion, (whieh win, I beliere, most frequenUy occur in practice,) 
then will the measure of such curvilineal Teasel be greater than that of an 
«Uip8is deeciibed through the sune four p<^t8 (A, B, R, S. See the pre- 
ceding figure). As, for instance, in the preceding example, B S is equal 
to 63, A H 81, and n R SI, inches ; Whence, by the above rule, 61 being 
moltiplied hy 81, gives 1701, whose square-root is 41*8 ; also, 63 (the con- 
jugate) being divided by 108, (the transverse,) the quotient will be *61 ; 
then if 14*8 be nudtlpaed by '61. the product wUl be 25138. the first 
seml-ordiBate ; which, by mensuration, was found (see page 1(K7) to 
be 30 inches. Whence it appears, by this method, that the measure of 
a curvilineal vessel, having its diameters equal (or in proportion) to 
those of the 4th example, will b^ considerably greater than an ellipsis 
described through tfae^^itremities of the same transverse and conjugate 
diameters/* 

(5.) Let the transverse and conjugate diameten|.of a curvilineal vessel 
be the same as in the last example, A 'R being 108 inches ; and let the 
equidistant pei^ndicular ordinates be ^30-4, 40-5, 48*2, (B 8) 63*0, 484, 
40-2, 30*0 ; their common distance (as before) 15 ;' and, therefore, A b (or 
R c) 6. (See the foregoing figure.) 

Area 4383-6 inches. If this vessel be considered as an ellipsis, its area 
will be found to be nearly three gallons more than the true area. 

(6.) Find the a^-ea of the curvilineal 
space A B C D A, (not elliptical, but of 
an unknown form,) whose dimensions 
were obtained by actual mensuration, 
in the following manner: namely, the 
axis A C (or twice A a) 151*7 inches, 
the x>«rpendicular ordinates 61*4, 101*2, 
118*0, 123*7, B D, 125*2, 124*0, 118.6, 
99*9, 57*0 ; their common distance 17 ; and, therefore, A m (or C n) 7*85. 

Sum of the two extreme ordinates 118*4 

Four times the sum of the even oriUnates 1795*2 . 

Twice the sum of all the rest, (namely, 3rd, 5th, and 7th) 723*6 

2637*2 




Which, multiplied by i of 17 14944*13 

Sum of the two extreme ordinates 118*4 

Multiplied by A w (or C n) 7*85 

929*440 
Two-thirds whereof is the area of both segments ...... 619*626 



Area of the whole figure A B C D A 13563* 756 
L 
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the required area of the space between the ordinates, 
very nearly ;" to which the areas of the segmenta at the 



the T«b 

" Thf sum of the Ut, 13th, snd twica the (T(h) middle ordlDBte multi- ' 
plied h; 41 ; the lum of the Sod. Itth, Sth, uid ISth ordlaatce multiplied 
bjSie: lbeiuinafthe3[d.Mli,9tb, kndlllh onliiii.tes multiplied by S7; 
Btid the sum of the 4th ind lOth multiplied hj Uta ; then the sum of theie 
four product! beins molllpUed by the diituice ot the two extreme ordl- 
nites, and that product divided bj IBSO, the qnotient wiU be the aiea (in 
■ iches) ot anj eurfUineil «pace contmined 1>ctween the eitreme perpen- 
dlcularj." 



e M P R 0. when M R (or toice 

iBtea ite 82-4, B6-5, 113-0, 119-2, ia3-6. 
I, 123 4.(FQ) 123-0. 121-2. 118-9, llg-« 3 
B3-4 ; their eommon dlitmce 12 hi- 
i; Slid, therefore. M « (or R b) 3 



ielE399-S9i theuea 
le difference being ibi 
1 Oao^g, pige »7, S 



9 maniTeit (by the writen on Fluxions) that the tsdiua a( curri- 
ipuaboUisinfinileiituiinfiDiledlstuicefrom ill vertex; tbere- 
f di^rence between a right-line and a paj-aboUc curve of any 
an infinite distance from the Yerlex, ia less than any aaai^nable 
r ; and, consequently, aa (he inelhod here proposed [or Ihoae 
rived from the general principle) are atiictly true, in every part of 
olic curve, it evidently followi that, at an infinite distance from 
ex, Ihe nieasure of a ipaee obtained by any of these rales, >111 
om thai, when conaldered as a rlght-lkied space, by a quaotilj 
n any given or assignable quanttty whatever ; but (by Lemma tat 
, ori>e [.'Hospital's Conic Beclloas)if the dldbrence of two quan- 
les continually diminish, so that at last it becomes less than any 
iieolity, then will those quautitiea at last be equal. Hence 11 ii 
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eu^s (if any,) •alculated according to the foregoing rules, 
must be added. 



evident that, hj these methods, we can obtain the true (and not the 
approximate) measure of any rectilineal plane whatevef^ for any right- 
lined plane may be divided into quadrilaterals (whereof two sides must 
be parallel) and triangles ; then may the true measures of those figures 
be separately found, by any assigned number of equidistant perpendicu- 
lars whatever ; or the true area may be obtained by dividing the figure 
into triangles. 

** Suppose, for example, it was required to find the D £ 
measure of the right-lined space A B B D, when A B a i 

'- parallel to D E and equal to ^0, D E 18, and the a&. J \ 
perpendicular D F 30 inches. '/t^mT' *" \' 

1. By three eqttidiitant perpendiculars, c/ \ % \^ 

Sum of the extremes 33 J I ' ' . "g \ 

Pour times the middle perpendicular (16) 64 on"** \ "•••-V* 

»6 AF P B 
Multiplied by one-third of 15 5 



Gives the required measure 480 

(A p I D E \ 
J JX D P == 16 X 80; which is well known from other prin- 
ciples. 

2. By ftve equidistant perpendiculart, 

** If D P be drawn parallel to E B ; and O O, C C, and 1 1 be drawn 
parallel to A B, equidistant from one another, and the other dimensior <* 
the same as above, then it is evident that I d wUl be equal to 2, C c to •', 
and G & to 6 ; whence D E will be 12, 1 1 14, C G 16, O G 18, and A B 20. 
Then, by the general rule. 

The sum of the two extreme perpendiculars 32 

Four times the sum of the 2nd and 4th perpendiculars 128 

Twice the sum of the rest (namely, the 3rd) 32 

192 
Multiplied by one-third of the common distance (7*5) 2 '5 

GiTes the content as before 480-0 



« 



Sappose, in the triangle ADP, AP8, DP30; which being divided 
i ito eight equal parts, and lines drawn parallel to the base, we shall have 
aal, Id2, nm3,Cc4, rr5, GA6, ee7, and A P 8 ; whence, by cor. 2, 

page 103, we get (l + 3+5+7)x 4+ 8 + (2+4 + 6)x 2 X ^ = 120 
= (30 X 4) = the area of the triangle A D P."— ^w** Cfuaging,]^. 260, 26.. 
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Part TII. — Mensuration of Solids. 

A Solid, ot body, has three dimensions, length, breadth^ 
and thickness, or depth ; and may be conceived to be 
fonned by the motion or direct revolution of a superficies. 
As a plane or snrface is bounded or terminated by lines^ 
a solid, or body, is bounded or terminated by planes or 
surfaces. 

Solids are sometimes divided into regular and irregular. 
The regular solids are those which are terminated by 
regular and equal planes. The irregular solids are almost 
infinite, comprehending all such as do not come under the 
definition of regular soHds. Those which are usually 
the subject of mensuration are the prism, the pyramid, the 
prismoid, the wedge, the sphere, the spheroid, the spindle, 
the conoid, and the various parts and sections of these 
bodies respectively. 

The mensuration of a solid consists in ascertaining its 
capacity, or content. As in measuring surfaces, the sim- 
plest plane figure, which is a square, is taken for the 
measuring-unit, so, in measuring solids, the simplest solid, 
which is a cube, or figure bounded by six equal squares, 
is chosen for this purpose. When the length of one of 
the sides of the squares of a cube is one inch, the solid is 
called a cubic inch ; when a foot, a cubic foot, &c. And 
the whole of the mensuration of solids consists in finding 
how many cubic inches, cubic feet, &c., are contained in 
a solid of any particular form. 

The mensuration of solids is readily effected when the 
foregoing sections are fully understood. The simplest 
process is actual measurement, that is, dividing the given 
solid into a sufficient number of equal parts, each of which 
will exactly fill a measure which has been previously 
ascertained to hold just an inch, a pound, a bushel, or 
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gallon, &c.; and tlie nnmbei of parts or measures into 
wliicli the solid is tlius divided, is the content or capacity 
thereof in inches, pounds, bushels, gallons, &c., according 
to the measure used. When the solid cannot be measured 
in this manner, the dimensions are taken in lineal mea- 
sure, as in the case of superficies ; and such dimensions 
are either reduced into cubic inches, and from thence, if 
necessary, into pounds, gallons, bushels, &c. ; or, (when 
the operation is practicable,) they are reduced at once from 
lineal inches into pounds, gallons, bushels, &c., as may 
be required. 

As a soHd means either any body or the space which 
such body fills, so the surface of any solid may mean 
either the external surface of the body, or the internal 
surface of the space that surrounds it. Hence, in taking 
the dimensions of any body, it is of no importance whether 
they are taken internally or externally. Hence, also, it is 
evident that when a liquid or other substance is introduced 
into a vessel of the form of any parUcular solid figure, so 
as exactly to fill it, such substance will assume the form 
of the solid, and the measurement of the vessel, as a solid, 
will be the real measurement of the liquid or substance 
introduced, with the addition only of the thickness of the 
vessel ; which must either be allowed for, in taking the 
dimensions, or deducted from the contents when the opera-^ 
tion is completed. It will therefore be understood, that 
the following rules for finding the contents of bodies, 
usually apply as well to bodies that are absolutely solid in 
die popular sense of the term, as to the contents or capa- 
city of any vessel of the same form as the bodies in ques- 
tion ; the difference being, that in the former case, the 
dimensions are supposed to be taken externally, and in 
the latter, internally. 

L 3 
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1. Of Prisms. 

A Prism is a solid with two ends 

or bases connected together by means 

of straight sides ; as A B C D. The 

ends or bases may be plane figures of 

any form ; but they are always equal, 

alike, and parallel to each other. The 

sides, or connecting surfaces, depend upon the figures of 

the bases. A prism may therefore be considered as 

generated by the motion of one of its bases, of whatever 

form it may be, descending always parallel to itself along 

a right -line. 

Prisms receive particular names according to the form 

of their bases ; as a triangular prism, a square prism, a 

pentagonal prism, a hexagonal prism, and so on. And 

hence the denomination " prism," comprises also the cube, 

(which, as a hexaedron, is considered as one of the five 

regular bodies,) and a parallelogram ; the former being a. 



,— — — 






THBOBBlftS BELATIMQ TO PEISMS. 

1. Every section of a prism parallel to 
tlie base, is equal and similar to the 
base. 

2. All prisms standing on equa bases, 
and having the same altitudes, or being 
between the same parallels, are equal to 
each other. 

3. Similar prisms and, generally, all 
similar solids are to each other as the cubes of their attitudes, or of any of 
their like lineal dimensions, or in the triplicate ratio of their like sides. 

4. A parallelopipedon and a cylinder having equivalent bases and the 
same altitude, are equal to one another. 

5. The superficial content, or area, of a prism, is the area of the two 
ends and of the sides added together. 

OF THE FEUSTUMS OF FEISHS. 

Afnuhimia a part cut by a plane parallel to the base ; hence, a frustum 
of a prism is a prism^ only of a less depth than the prism from which it 
was cut, as will be obvious from the Theorems 1, 2, and 3, and the 
figures iUttstvating them, Therefore, at tM wcU ^f the whole prism U to iU 
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square prism, and the latUr a rectangulu one. And even 
a cylinder may be considered as a round prism, or one 
that has an infinite number of sides. A prism is like- 
wise B£Ud to be regular or irregular, according bs the 
figure of the base is a regular or irregular polygon. A 
prism, again, is either right or oblique. A right prism is 
that whose sides and axes ate perpendicular to its ends, 
like an upright tower ; and an oblique prism is when the 
asis and sides are oblique to the ends, 
so that, vben set on one end, it inclines 
on one hand more than on the other. 

A cube is bounded or comprehended 
by six equal sides ; as B. 

A pdrallelopipedon is hounded by six parallelograms, 

every opposite two of which are ^ ^ 

equal, similar, and parallel ; as A B 

C D E F ; and when the bounding 

parallelograms are right-angled and 

perpendicular to each 4)ther, it is 

called a rectangular paraltelopi- ■ 

pedon. 

tonitnl, laiiaay paTti^iUwu la On cmltnlilf lie fnutaraor pari aUnf, 
Tliuj, il we nanl to cut off S inches from the lop of n cjlinder, pitallel to 
the base, the original depth being !4, »nil its content nSSO inches, we 
haie onl; to nj. 

As £4 ! naSO : ; 8 : 8760, the solidity of the less friutuni. 
And M 84 : ITMO ; : IB ; 11520, the solidity of the greater. 
Again, at /iieioJiMily nflAeiMoJecyWuicrif tciifarit, hi h lAe loHdilj/ qf 
ony JrwftBH orpor* cbI cff la lie axil nf that pari. Thus, if a cjLLjider be 
of the depth of 60 inches. iW diameter 75, ind its solid contents, thetefcre, 
lS71-»« gallons, and it be required lo cut it parallel to the bottom, at 
such a distance that it may contain 910 gallons only, we say. 

As 127i*656 : 80 : : 940 : SB M inchM, the distance required. 
This may e«sily be proved by finding the depth, or aiis of the part cut 
off, the eonlent ot it being llf74M« - S40 = SS4.S56 ; then, 

A» 940 : S8-99 : : 434-6S6 : 211)1, the depth ot llie part cut off; 
which being added to 58'99. the depth of the remaining part, wiU give 80, 
the whole depth of the yessel before it wm cut.— Jime*'! Caugtr. 
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A cylinder may be conceived to be 
generated by the revolution of a right- 
angled parallelogram (as 6 C O) about 
one of its sides, (as G C,) which remains 
fixed ; its bases, or ends, being two equal 
and parallel circles; and its diameter of 
an equal thickness, or length, in all its 
parts. 




OF THB TJNOULA8 OF PBISM8. 

An vngtUa, or hotff, is any part cut off not parallel to the base.' As the 
liquids in casks and other circular vessels sometimes assume one or other 
of these forms when placed ia an inclined position, the following roles for 
ascertaining the contents may be found usefuL They we more particu- 
larly applicable to cyUnders, but the principles upon which they are 
founded are common to prisms of every description. 

Fig. 8. Fig. 3. Fig. 4. Fig. 5. Fig. 6. 




I. fFhen the iection is paraUel to the axU qf the prism, (see fig. 1,) multiply 
the area of the base of the ungula by the height of the prism. 

II. fThen the section passes otUqudy through the opposite sides t^the prism, 
(see fig. 8,) multiply the area of the base of the prism by half the sum of 
the greatest and least lengths of the ungula. 

III. JFhen the section passes through the base qfthe prism and otte nf its 
sides, (see fig. 3,} find the area of the base of the ungula as the s^ment 
of a circle, (see p. 98») and multiply it by the difference between the radius 
of the prism and versed-sine or height of the tmgula's base, and add the 
product to one-twelfth of the cube of the chord of the base, if the height 
of the base be greater than the radius, as in fig. 4, otherwise, (as for fig. 3,) 
subtract them ; multiply the sum or difference, as the case may be, by the 
height of the ungula, and divide the product by the height of the base. 

If the base of the ungula be an exact semicircle, (as in fig. 6,) multiply 
the square of the diameter of the prism by the height of the ungula, and 
divide the product by 6. 

lY. JFhen the section passes obliquely through both ends (ff the prism, (see 
fig. 6,) find the solidity of each of the ungulas by case III., and their dif- 
ference will be the solidity required. 
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Tbe axis of a prism is a line conceived to be drawn 
lengthwise through tbe middle of it, coDDecting tbe centre 
of one end with that of tbe other end; and tbe frustum of 
ft prism, IB any part thereof cut off parallel with tbe base. 

To FIND THE CONTENT. RuLE I.* — Multiply the 



* This rale hu been puti]' ■iitli>lpkted In the Menauntiini of Super- 
B<:dea, wherein, inateid of Uking mrlicet u being ot no deplh or Ihick- 
neu, u in itrictneii tbej ue not, Ihe; hiTe been Uken u if the^ were of 
the thiclmeu of in Inch ; lO (hat tbe calculation in euh cue gire at once 
the atet* of the iiiperfieiei and ulao the content ot limllu lolid bodiei 
wboae base* were one Inch thick ; and luch ana or content onl; required 
to be divided by the nomber of cubic inchea contained In a foot, pound, 
Ealloa, or bmhel. to give the content in thoae denominations reipectiiel j. 
If, initeod of one inch, tbe >Dlid be two or any nninber of incbei thick or 
hlgli, it Ii obvioni that we have only to mnlciply the npetdcia] content or 
" "I* toUd ii thick or 



If the iide of a cnbe, 
i. what ia the lolidity? 


ABCDF, be M 


Length 


M 


DtpO' 


.... 1600 

40 


Solidilji In bcbei 


.... Mooe 




Then (Beep, 31.) Or, 

fl4000-7-STT'e7) = £30'8gnlTonB. | MOOO X -OeSSOCS = SW-S gallona. 
«0l)0-i'e2IB'ie2=^«e.S5buslieli. I S4DD0 X -ffiO4508 = la'SS buibela. 
(a.) Bach aide of a cubic malt couch, A B O F B, ia 40 inchea, what is 



Tbe area of the base, by multtpljin^ the length 
and breadth, ia 1600 Inchea ^ ■72125 buahela. 

IMpth 40 

Content tS.Sft bnaheb. 

Theae rule*, aa applied to cubea, are onl;, in 
effect the convene of eitruting tbe cube- 
root. IBeepageSa.l Thereibre to find the uda 
of ■ cabe, the solid content being giien, we 
have only (o extract the cube-root theteot 
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area of the base by the perpendicular height la iocbes ; 
the product will be the content in inches ; which may be 



the itmi being Unt reduced to cubic inche.. it neeeiiu?. If it be re- 


quired to ftnd the content of i soUd 




to mulllply the content in solid inchei, fonnd u sbo.e, bj 000578, the 


iqusre fMlor for a aulid tool ji«e tie Tgble of Faolors, &c.. page 57); 




es by 1738, the square dirisor tot • 


solid foot (see the simc Tuble); the 


product or quolienl, as tbe case m»j 


be, win be the content in cubic feet. 




130 Let the length, A B. of ares- 


A B 






be 4S inches, the breadth. A C. 15 


D 


hcLc and the depth. A E, IS in- 




chea ; nhst Is the canient In gallons 




and bushels respectlTely. 


P Q 


Breadth 19 






The area of the base found by 


Areaotthebaae .. "^ 




D'PO' la 


breadth, as in page 80, ia 


Solidity In inches.. BlOO 


675 inch™ = a.43« gallona. 




Depth IS 


Then (See p. ai.) 




B100J-m'274 = i*il3 gaUons. 


Content M-212B gallons. 


BlOO -i- S*1B-1B8 = a-SSl bushels. 


Or, 575 inches = '3013 bnshels. 




Deplh IS 


8100 X -0030005 ^ ag-aU gallons. 




8100 X -0004508 = S'ESl buihels. 


Content »-651fl bushels. 



a beiutiful ai 



The same result would be obtained if a mean proportional betneen 

gallons or bushels] multiplied by the remaining dimensiop. This is ra- 
ther a tedious process by the ordinary mode of working ; but aa a mean 
proportional can easily be obtained and squared on the sliding-nile, tbal 
instrument is usually employed for this purpose. B' 
much more eipeditious method of finding the solid cc 
adopted, when such content is required to be found in bushels, by a line 
on the sliding-rule narked H D. as «iU be more particularly explained in 
the next chapter. This is peeutiai'ly applicable lo tbe ganging of malt, 
which is usually placed in vessels or heaps of the form of a parallelopipedon, 
and it is therefore bnportant that the reason* for the opentions should 
be well understood. An error is sometimes committed by adding the 
breadth and depth together, and taking half (he sum of the side of a 
square. Instead of either multiplying tbe length and breadth together, or 
flnding a mean proportional between them. This etroi ougbl to be care- 
fully avoided. 



CHAP. II. 3 MEHSUKATIOM. 119 

reduced into any othei denomination by the propei divisors 
or factors. 
An etaj method ot obtaining the conlenta of Miliila of Ihii description. 

From the sum of the tabular length and breadth, iubtract the tabular dif- 
ference betxeen them ; mullipl; the Lut dilTereace b; the real depth, and 
the product will be the content. (And >ee pages 89. »,) Thin, for the 
Last ezun[>le, we hare, 

Opposite to the length 45 3'UIS 

Opposite to the breadth,. ...15 -4057 

~ 4-iei3 8nni. 
Opposite to their dlObrence, 30 l'«3£9 

74344 Diff. 
Depth IS 

Content hi Impeiial gallons .. 39.9128 u before 

(S.) One of the equal sides of n Hquare-bottomed vessel Is 135 inches. 
and its depth, or height, is 40 inches ; wliai is the content. 
Opposite to the length, 135, u 338648 X 9 =85'Te93 

Depth 40 

Conlenl in Imperial gallons .<..... £8991680 

In this example the breadth Is tbe same as the length, and the diO^. 
r-'-ice ii 0; hence tbe reason of simpl; multiplying by i. 

(4.) One Bide of tbe base of a triangular prism. I 

AB, is 63, the perpendicular on AB. fromH. A B 

)• 14, and the height, A D, is SO inches ; what 
• the content in gallon*! 

AB .. 83 63x1^441in.= l'SW4egatloDS. 

iofHi_7 eo 

441 Content 187-2388 gallons, p ^ 

3MW cubic inches = IZ7-23& gaUon*, see the Table, p«ge 53. 
The content of a Iriangnlar prism may also be found by the Table of 

OpposlieloAB 63 inches 715718 

OppoiiletoHI 14 '35344 

~ 7-51082 Bum. 

. Opposite to their dlflference 49 4-33985 

DIff. 3-1SD9I-:-S=l-5e04e 
which multiplied by the height AD=- 80; giTeam-S381 gallons, theconteut 
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Rule II. — Find the area of the base in gallons or 
bushels, either by calculation, according to the foregoing 




BXAMPLB OF AN HBXAQOMAL PBISK. 

(6.) LetABCDEFGbe a prism, with a regular hexagonal base, the 
side of the base being 40 inches, and the depth of the vessel 32 inches ; 
required the content in gallons. 

The tabular number for hexagons (see the ta- B C 

ble, infra) is 2*9580762 inches = -0010668 gallons. A<^^^^^- '"' ^^ 

40* => 1600 

1-70668 
Depth ^ 

Content in gallons 54*62016 

BXAMPLB OP A PBNTAQONAL PBISM. 

(7.) What is the soUdity, in gallons, of a pentagonal priftn whose length 
is 60 inches, and each side ^f ito regular end is 20 mches 1 

The area of a pentagon whose side is 1 is 1-7204774 (see theUble. infra)\ 
hence, by page 83, we have 17204774 x 20« = 68819006 area of the ba«e, 
or end; and therefore 68819096 x 60 =41291-4576 inches = 148-92 gaUons. 

BXAMPLES OP THB CYLIMDBB. 

(8.) What is the solidity of a cylinder. A B C D, 
whose diameter. A B, Is 21*5 inches, and the depth. A 
AC, 40 inches? 

BY BULB X. 

Constant decimal -7854 (see p. 90.) 

21-5 X2r5 = 462*25 

Areaof the base 36305115 

Depth 4^ 

14522-046 inches. 




BT BULB II. 
21-5 X 21-5 X -7854 = 36305115 = 

1*30936 gallons. 
Depth 40 



Content 52.3744 



Then (See p. 31.) 
14522046 -r 277*274 = 52-374 galls. 
14^22*046 -r 2218*192 =■ 6*547 bushls. 

or 
14522*046 X *0036065 = 52*374 galls. 
14522*046 X '0004508 » 6547 bushls. 

An easy method of finding the content of a cylinder, vi by the sliding*- 
rule, as will be explamed under the head of "Gauging;" but the readiest 
way of finding such content, is by means of the Table of Circular Areas^ 
infra ; thus, in the foregoing example. 

Opposite the diameter 21*5 is 1 *d094 

Depth 40 

Content — 52*376 galls. , as before.. 
The hnportaaee of properly understanding the measurement of the 
cylinder, will be appreciated when it is recollected that, in .gauging, casks 
of difierenl descriptions are generally reduced to this form before the con- 
tents are obtained. 



MENSURATION. 



rules, or by reference to the proper tables ; multiply such 
area by the perpendiculat height, and the prodnct will 



(ft.) Let A B C D be ■ cyUndrinl t« 


Hd, the 






A g 


B C. GO inchH ; tbe cODtmit ii nquiPMl iD 


gallon!. 




38 X 38 X -TSM ='llM™8! the ire 


■ or the 




hue ; then UM'IITB x M = MIMTtm iacllH = 




3W414 pJlon,. 






Ortlrni: 












38(soe theT.bl.of clrcuJii ueu) Is 


4090! 


E c 


Depth 


eo 




Content ofvesBBl 






(!0.) Suppose the cyliadei KLMN be 







inteoded to cDDtain b fluid, uid [hat the 


K 


I 


■idea uid bottom >re «Kh one inch in 






thickneu ; how mitj impeiial giUoiu 












K L. being MS inohei, ind depth, K V, 
Ml iache. ) 






Here 408— 2 = 4IXIInohei, the Intnior 






diuneter; and Ml — 1= MO iochei, llw 






iQU™a depth. 


M 


M 


Then4l)0' x'VBM = li»«Min 


hes = 4M 


2112 gullOIB. 


D^l> 







(11.) LelABCD£FbeHTeHeJinthe 
inu of UL elhplical priim, or cyliadroid, 
lat i«, hnving equal and parallel elUpseB 
)r ends, and iti lidei pErpendicular to 
lam; let the depth, A P. or B C, be 50 
ichei. the ttuuierse axis. F C, or A B, 



if^ = SJ-9M galloDH, nearly. 

orthe vessel llKtl'S gaUooe. 
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be the content in gallons or bushels, as the case 
may be. 

The area of an ellipsis is a geometrical mean proportional between the 
areas of two circles described on its transyerse and coigagate diameters ; 
(see page 99,) and therefore its area may be obtained by the Table of 
Circular Areas, ir^fra, by the same method as that used for a rectangle 
with the Table of Semi-Squares ; with this difference only, that the result 
must be divided by 2, since the table employed is not a table of semi- 
circles, but of complete circles. Thus, taking the example above, we have. 

Opposite to transverse .... 154 67*1778 

Opposite to coi^ugate .... 56 8*5685 

75-7457 Sum. 

Opposite to their difference 99 27*7620 

8)47*9837 Difference. 

Content of elliptic base 23*9918 gallons. 

Depth 50 

Content of elliptic prism 1199*590 gallons. 

By this method, the contents of elliptic vessels may be computed with 
great facility, and it should be universally adopted in preference to any 
other when the two bases are true ellipses, and equal, and the sides 
exactly perpendicular. 

BXAMFLB OF AM IBBEOULAK PBI8M. 

' (12.) Let E F T S be an irregular 
curved vessel, with upright sides, the 
height of which is 70 inches ; and the 
dimensions of the base, taken according 
to the rules for perpendicular ordinates, 
(page 108, &c.,) are as follows : — longer 
axis. £ F, 112. Q N 80. « 70. 5 79. ^ 78-6, 
r 60, the common distance of each being 84, and therefore the axis of 
each segment, 8 ; what is the area in gallons I 

BT BULB II. 

The dimensions of the base being the same as in example 3, page 107, 
the area, found according to the calculations there given, is 8176-53 inches. 
Then 8176*53 -f- 277*274 = 29*48899 Area of the base in gaUons. 
Depth in inches . . 70 

Content in gallons 2064*2293 

If there be the least deviation from the perpendicular in any part of the 
sides of the vessel, (which can only be ascertained by a sufficient number 
of admeasurements, and the use of a plumb-Une, &c.,) a different mode of 
calculation must be adopted. (See " Priamoids," " Gauging," &c., it^ra,) 
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2. Of Pyramids and their Frustums. 

A Pyramid is a solid standing on a base of any fonn, and 
terminated in a point at the vertex. Like the prism, it takes 
particular names from the figure of the base ; as a square 
pyramid, a triangular py- 
ramid, a pentagonal pyra- 
mid, as A B V (fig. 1), &c. 
A cane may also be consi- 
dered as a pyramid, having 
for its base a regular poly- 
gon of an infinite number 
of sides. If the perpen- 
dicular from the vertex 
falls on the centre of the base, the solid is called a right 
pyramid, but if not, it is oblique, 

A cone, as A B V, (fig. 2,) may be conceived to be 

THBOKBMS SBLATINO TO FTRAMIDS, &C. 

1. All pyramidfl and cones of equal bases and altitudes are equal to 
one another. 

2. The surfaces of similar right cones are as the squares of the axes ; 
and their solid contents are as the cubes of the axes. 

3. The convex surface of a pyramid is equal to half the product of its 
slant height by the circumference of the base; to which the area of the 
base must be added for the whole surface, 

4. A pyramid, a triangular prism, and a parallelopipedon (see p. 115) 
standing upon the same base, and having the same altitude, are to one 
another as 1, 1), and 3. Hence, also, a cone is equal to the third-part 
of a cylinder of equal base and altitude. 

5. In any pyramid, a section parallel to the base is similar to the base ; 
and these two planes are to each other as the squares of their distances 
from the vertex. 

6. The surface of the ftrustum of a cone consists of the areas of the two 
ends, together with the product of half the sum of the perimeters of the 
two ends and the slant height. 

7. The slant height and perpendicular height of a frustum whose ends 
are regular polygons, are two sides of a right-angled triangle, the base 
of which is equal to the difference between the radii of the inscribed 
circles of the two ends of the frustum. 

M 2 



124 TH£ EXCISE officer's MANUAL. [bOOK I. 

described by tlie revolution of a right-angled triangle 
about one of its legs, which remains fixed. Sections 
made by the cutting of a cone in different ways, called 
conic sections^ have already been mentioned. (See pages 
95 and 96.) 

Tlie altitude of a pyramid is a straight line drawn from 

OF FTRAMIDICAL AND CONICAL UNGULAS. 

The liquor in pjramidical vessels, when placed in an incUned position, 
sometimes assumes the form of an ungula, or hocf, (being ftny part cut 
off without being perpendicular to the base,) of a square pyramid, or a 
cone, or of the fnutum thereof. The following rules for finding the con- 
tents may therefore be useful. 

FT&AMIDICAL XTNOVLAS. 

O F 



B C 

I. fFhen the liquor just eocer* the whole of the hoftom» and rises to the lop in 
an oblique direction^ (see fig. 1.) This ungula is evidently a wedge, aad 
the content must be found by the proper rule, it^fra, 

11^ When the liquor covers only part qf the vessel and rises to the top, (see 
fig. 2.) This ungula is adso a wedge, and must be measured in the same 
way as before, the base being considered to be that part of the liquor 
only which covers the bottom. The empty part of the vessel will, in this 
case, be a prismoid, the content of which may be found by the proper 
rule, in/ira. 

III. When the Uquor ewers onlff part qf the bottom, and does not rise to 
the top qf the vessel, (see fig. 3.) In this case, likewise, the ungula (as AB C) 
is a wedge, and must be measured accordingly. The empty part will then 
be composed of the prismoid A G D E and the pyramidieal frustum 
A E F G. If the vessel be a prismoid, both these figures will be 
prismoids. 

IV. When the liquor intersects obliquely the opposite sides qf the vessd, {see 
fig. 4.) In this case, if the vessel be the frustum of a square or rectan- 
gular prism, the ungula disposes itself into the form of a wedge and the 
frustum of a pyramid ; and the contents of each part must be found sepa- 
rately and added together for the content of the ungula. The empty part 
of the vessel will, in this case, be composed of a wedge and a frustum. 

When the vessel, intersected in the manner last supposed, is a pris- 
moid, the liquor disposes itself into the form of a wedge and a prismoid. 
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the vertex to the hase or plane on which it stands; as 
V C. And the slant height is a straight line drawn from 
the vertex to the outer edge of the hase ; as V A. 

CONICAL TNOULAS. 



I. When the liquor Jutt covert the whole ofihe htue or bottom cfthe fteael, 
and rise* to the top. If the frustum stands upon its greater base, (as in fig. 
1,) multiply the product of the top and bottom diameters of the vessel by 
the mean proportional between them ; subtract the last product from the 
cube of the bottom diameter ; divide the remainder by the difference of 
the diameters; multiply the quotient by the perpendicular height of the 
ungula, and the product thence arising by ^ of the proper circular factor 
(see page 91). If the frustum stands upon its less base, (as in fig. 8,) the 
process will be exactly the same, except that the cube of the bottom 
diameter must be subtracted from the product above mentioned, instead 
of the product being subtracted from the cube. 

II. When the liquor covert the bate, but doet not rite to the top qf the vettet, 
(see fig. 1 and 2,) proceed as in case 1, taking for the top diameter the 
diameter at the upper extremity of the liquor measured parallel to the 
top of the vessel. 

III. When the liquor iniertectt oppotite tidet qf the vetteh (as in fig. 3,) it 
evidently forms the frustum of a cone and an ungula, and the contents 
must be found separately and added together; or the content of the empty 
ungula may be found and subtracted from the content of the frustum for 
the content of the other part. 

IV. When the liquor only cooert a part cfthe bate, find the tabular area 
answering to the quotient of the height of the base by its diameter, and 
multiply it by the cube of that diameter for the first content ; also, from 
the height of the base, subtract the difference between the diameters of 
the top and the base of the hoof; and take the tabular area answering to 
the quotient of the remainder divided by the diameter at the top, and 
multiply it by the cube of the diameter at the top, and by the quotient of 
the height of the base divided by the said remainder and by the square- 
root of the same quotient for another content ; multiply the difference of 
these contents by one-third of the height of the hoof; and the product, 
divided by the difference of the diameters, will give the content of the 
under hoof; and this hoof, subtracted from the content of the frustumi 
Win give the other hoof. —Ingram* t Mensuration, page 167. 

M 3 
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A segment is a part cut off from the top by a plane 
parallel to the base, as V E F, (fig. 2.) A frustum is the 
part remaining after the segment or top is removed, as 
ABEF. 

To FIND THE CONTENT OF A PTRAMID OR CONE.* 

Rule I. — Multiply the area of the base, in inches, by 
one-third of the perpendicular height ; the product is the 




* EXAMFLKS OF A SQUASH PTBAHID. 

(1.) Required the content of a square pyramid, 
the side of the square, AB, being 22 inches, and 
the height 30 inches. 

BT KULB I. 

28 X 22 y ^ = 4840 inches = 1745546 gallons. 
3 

BT BULB II. 

22 X 22 = 484 = 1-74554 gallons. 
i of depth 10 

Content 17-4554 gallons. 



The same result would be readily obtained by the Table of Semi- 
Squares, ir^fru. Thus, 



(2.) Let the depth be 30 inches, and the side F 
of the base, EF> 22 inches, as before; what is 
the content in gaUons 1 

Opposite to 22 we find •8728. 

Then -8728 x 2 = 1-7456 Area of the base. 
I of the height. ' 10 

Content of the pyramid 17*456 



XXAMPLB OF A TBIANOULAB PTBAHID. 

(3.) What is the content of a triangular pyramid, 
the perpendicular height being 40 inches, and the 
sides of the base 20, 24, and 30 inches ? 

BT BULB I. 

The area of the base (see page 77) is 39'246k 

Hence 293246 X-^== 3189^cubic inches = 11-5 gaUons, nearly. 
3 

An equilateral triangular pyramid is a tetraedrorit one of the five 
tegular bodies, and its content may be found by multiplying the cube of 
one of its sides by 0-11785. (Seepott.) 
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content in inclieg, which may he reduced to gallona or 
bosiieis by the proper divisors or &ctors. 

Rule II, — Find the area of the base in gallona or 
bushels, hy calculation or by reference to the proper 
tables ; multiply such area by one-third of the perpendi- 
cular depth or height in inches ; the product will be the 
solidity in gallons or bushels, as the case may be. 



[«t A B. (fig. 1, p. Its.) Ok riie of the pectigoiul bue, b* V 
sod TC, the height. b«TSlDi:h»; what !■ tbseonlmtl 
CoMtml ftctor for penUgom I-TaMTT (KCpage M.) 



atthepTnmid.,.. BS-05 gmb. 



SO X to X 'T8&1 = aSin-» aim of bue. 
i af the depth t6 

OoDtent 10l7ST'84eHbi«incba^ 

And lOlWIM -7- B7J-S74, - WWW gtDota. 

i oTdepth 3S 

Content S6110S8 

OppDiite to the diuneleT, so. in tbe Table or 
Circulu Areu, I'l^/hi. \a 1(I1V73. which, multi- 
plied bj 36. 01 one-lhiid of th« depth, glToi ihe 
content 3ff7'ia28 gallant, u betare. 

(6.) WbU l9 Ibe content oil heap at nult in 
the fonn of a cone, the diameter of the ba«e 
being 2G0, and tlic depth, or perfieadioiilar 
height. ISI inchm T Aas. 119-301 btuheli. 

(T.J Required, the content in g^ona oT a coni- 
cal veiKl, (he diameter, A B, Iwing 39 inehM, 
and llw depth, or height, C D, 4S hiehea. 

Ana. 61 -3& galloos. 
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To FIND THE CONTENT OF THE FRUSTUM OF A 

t»YRAMiD.* Rule I. — To the sum of thfe areas of the 
two ends add their geometrical mean (that is, the square- 
root of the product of the two areas); multiply the sum 



* CXAMPLSS 09 iBn FBU8TUM OP A SQUABli TTKAJflD. 

The mean propottional of the areas of the ends of the frustum of a 
square pyramid is equal to the product of the sides of its greater and less 
base ; hence Rule I., so far as regards f^rustums of square pyramids, may 
be expressed in Other words* as follows : — ^To the rectangle of the sides of 
the two ends, add the sum of their squares ; that sum being multiplied 
into one-third of the frustum's height, wiU giye the solidity. 

(8.) What is the content of the frustum of a 
square pyramid A B G E F O, when A B = 30, 
£ F == 30, and the depth 42 inches ? 

BT BULB 1. 

80«-f80«+80x20 = 900 + 4004. 600= 1900 

i of the depth.... 14 

Content in inches 26000 



And 26600 -=- 2T7-274 (see p. 31)= 95933 galls. 
Or, 26600 x '0036065 = 95933 galls, as before. 

(9.) What is the content of the frustum 
of a square pyramid, the sides of the 
bases being I K = K L = 60 inches, and 
A I = E L = 40 inchesj and the height, 
or depth, 120 inches 7 

BY BULB II. 

AB60-|-DE40 = 100* = 10000 
60 — 40 ^ 20« = 2400 




7600 X 40 = 304000 cubic in. « 109638 gaUns. 



The tabular-number of a square being 1, does not require multipUcation. 
Another mode of finding the content of a fhistum is the following:— 
Find the whole length of the pyramid thus,— as the difference of the 
breadths of the two ends is to the length between them, so is the breadth 
of the less end to the length of the part cut off; then find the content of 
the whole pyramid and the content of the top part, and subtract the 
top from the whole; the remainder will be the content of the frustum* 

BXAMPLB OP THB PBUSTUH OP A TBIANOULAB FYBAMID. 

(10.) Required the content of the frustum of a triangular pyramid, the 
height of the frustum being 14 inches, the sides of the greater base 21, 15, 
and 12, and those of the lesser base 14, 10, and 8 inches. 
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by one-third of the frusturo'B perpendicular height ; utd 
the product will be the content in inches, which may be 
reduced to goUooB or bushels in the usual manncT. 

Rule II. — If the base be a circle ot a regular poly- 
gon, add a diameter or a aide of the greater base to one of 
the less, and ftom the sqnare of the Bum subtract the pro- 



Thp anal of the btiei ire X ^ S uid 18^0, mnd the •qiun-roat ol 
their prodnet i« Wv'Si thereto™ (3« ^/ 6 + 18 v' < + ** v* *) x i x U 
= Sea'as36Sl cubic inchei, the conleot.— /nfroin'f Mauuntiim. 

SIAMPLB Of TB> FSBBTDII 0» IM ailAOONiL riKAMlD. 

{11.) Whit is (he content ot Ihc ftuBtnm of an hexagonal pyramid, 



15> = 15X15 = MS l!0O3-aaO4S5 

i0xi&-^3i» lofdeplh la 

92& Cubic ioDhea attSi-SUSS 




which maj be reduced to gallona or biuhel. in 
the usual manner. 




■mpLEi Of TBH ratriroNi or . 


aCOHB. 


(13.) WT.at i, the content of the frusluia of a cone 
.1 llie baae, C D, being M inchei, diameter at the! 
the depth, 36 inchei. 


,op. A B.1J Inches, and 


ia»=i« 

Depth S« 

tS2«l X '3618^73890133 inches. 


A 



m 1l3a9-a43a X W3«W& = SeeiS gaOi. i and aS-MS -i- « ^ 3'33I buthels. 
(ere, instead of fladlng the areas of the two ends, and their geometrical 
an, sepaiatelj, as directed by the rule, the calculation is made as if 
bases were iquaiei, and the tctsel eylladrtcal ; and a factor is used at 



tdo 
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duct of those diameters or bases ; the remainder, multi- 
plied by the proper tabular-number belonging to the figure, 
and by one- third of the height, will give the content. 

the end ('2618, being | of "TSSi, see page 90) which produces the same 
result as if the areas were found separately, and multiplied by one-third 
of the height. 

(13.) Suppose a conical fhistum to 
have its greater diameter, AB, 80 
inches, its less diameter, C D, 12 in- 
ches, and its length 360 inches ; what 
is its content 7 

BT auLB II. 
20 4- 12 = 32 X 32 = 1024 
20 X 12 = 240 

Isl X -7854 Xl20 = 73890-438 inches. 

Instead of multiplying by -7854 and one-third of the height, it would 
have been the same thing if the sum (784) had been multiplied by the 
tpAo2& length, and by the factor mentioned above (*2618). 

The contents of a conic frustum may also be found by the Table of 
Circular Areas, if^fra, as follows : — 

To the area of a circle whose diameter is equal to the sum of the top 
and bottom diameters of the frustum, add ^»^ of the area of a circle whose 
diameter is the difference of the afore- — — ^ 

said diameters; multiply the sum by 
the height or depth, and the product 
will be the content in gallons. 

(14.) What is the content of the frustum 
of a cone A B C D. the top diameter, 
A B, being 60*2 inches, the bottom dia- 
meter, C D, 98*5 inches, and the depth 
82'8 inches 7 

98-5 + 60-9— 168-7, opposite to which ia 71-3402 -r 4 = 178350 
98-5— 60-2 => 38-3 41551-4-18= -3463 




Depth. 



181813 
88-8 



Content 1505-41164 gals. 

The above example shews the facility of this mode of working, which, 
as a check, should be used by the practical ganger in preference to any 
other method. 

When two conical frustums are joined at the thick end of each frustum 
they constitute a figure which, by gaugers, is called a cask of the fourth 
variety, the content whereof maj be found by a double application of 
cither of the foregoing rules. Such a figure, however, is rarely met 
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3. Of the Primoid and Wedge • 

A Prismoid, as A B D £ F 6, is a solid somewhat 
resembling a prism, but its ends ^ ^ 

are any dissimilar parallel plane 
figures of the same number of 
sides, the upright sides being trape- 
zoids ; or the sides may be any dis- 
similar curves, in which case it is 
sometimes called a cylindroid, A 
prismoid may, therefore, be considered 
to comprehend all solids, (not in- 
cluded in the foregoing sections,) which have two parallel 
bases, and the greatest and least thicknesses of which 
are at the ends. 

A wedge, as A B C D, is a solid 
with a rectangular base, and two of its 
opposite sides terminating in an edge. 
It may be otherwise defined to be one 
half of a prism, or prismoid, of equal 
base and length. 





with in practice, the usual shapes of casks and tubs being more sphe* 
roidal ; that is, they have an arched or swelling course from the middle, or 
bung, to the chine, or end. (See post tit *' Spheroids, Conoids, and Spin- 
dles ;*' " Cask Gauging," &c.) 

• THBOASMS &BLAT1NO TO PBISMOID9. 

1. The ends and sides of a rectangular prismoid consist of trapezoids 
and parallelograms. 

2. A rectangular prismoid \b evidently composed of two wedges, 
whose heights are equal to the height of the prismoid, and their bases 
its two ends. 

THSORBMS SBLATINO TO WBDOBS. 

1. The base of a wedge is a right-angled parallelogram; the two ends 
are triangles, and the two sides parallelograms or trapezoids. 

2. If the edge is shorter or longer than the base, it is so much greater 
or less than half a prism by a pyramid of the same height and breadth at 
the base with the wedge, and the length of whose base is equal to the dif- 
ference of the length of the edge and base of the wedge. 
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To FIND THE CONTENT OF A PRISMOID.* 1. To 

tlie length or transverse diameter of the greater base add 
half of the length or half of the transverse diameter of the 
lesser base, and multiply this sum by the breach of the 
greater base, which product note down. 2. — To the 
length or transverse diameter of the less add half of the 

* The aboye rules are of great importance in practical gangling. Rule I. 
is adopted in GuUeridge*i Ganger as sufficient to " find the content of a 
vessel either of four sides or curved, the sides whereof are straight from 
top to bottom, whether the bases are equal or unequal ; alike or unlike ; 
proportional or disproportional; alike situated or inverted ; the one base a 
square, the opposite one a) parallelogram ; or the one an ellipsis and the 
opposite one a circle." And as to Rule II., it is shewn in Hulion's 
Mensuration, (quarto edition,) that it is true for all frustums whatever, and 
for all solids whose parallel sections are similar figures. And Moss, in 
his Gauging, p. 175, (third edition,) says that it is nearly true, let the form 
of the solid be what it may. He, however, recommends the rule for 
equidistant ordinates to be used, for finding the areas, when the bases are 
irregular. Alluding to a rule somewhat similar to Rule I., he observes, 
" Some authors have asserted that the same rule which gives the content 
of a prismoid, will also hold good in any straight-sided vessel whose 
parallel ends are dissimilar ellipses, and any how posited. But it appears 
that this assertion is without proper foundation, and seems to have aiisen 
wholly from the following supposition, viz. * if in any prismoid, another 
straight-sided vessel (or sohd) be inscribed, whose ends are ellipses, the 
transverse and conjugate diameters of each respectively equal to the 
lengths and breadths of the said prismoid; that then the sections parallel 
to the ends of such a solid will also be ellipses.' But that this cannot be 
the case the preceding note will (I make no doubt) sufficiently convince 
every judicious reader. It may, however, be proper to observe that the 
content of a tun of this form may be obtained with the greatest expedition 
by the general rule derived from the property of equidistant perpendicu- 
lars, &c., and the result will be sufficiently exact, if the section in the 
middle be considered an ellipsis. For the said rule is strictly true in every 
straight-sided vessel, provided the measure of the two ends and that of a 
parallel section in the middle can be truly determined." (See pp. 101—111, 
and the example in p. 134, &c.) A B 

EXAMPLBS OF A PRISMOID. 

(1.) Required the content in gallons of 
a four-sided figure whose opposite sides 
are equal and parallel at each base ; the 
longest side at the greater base, A B, 30* 
the shorter, B F, 20 inches ; the opposite 
ones. D £, 20. and D C, 10 inches, and 
the depth, B C, 30 inches. 
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length, or half of the txaasntse disoKttt et the peitn 
base, aod multiply the Bum by the breadth of the leu«i 
baae. 3. — Add the tvo sunu fouad as above, and Mul- 
tiply the total by one-third of the depth ; lad then, by 
empIoyJDg the proper equate divisor, if the vessel be 





»T SIM 1. 
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Wlien the aidei ot the lolld ue Btrnlsht between the hues, half the 
Bam of the two correflpandlng aldea^ or diuneten^ of the bases^ will glTe the 
correspooding aide uc diameieF of the midiUe Metjon; aad the ptoduct of 
the auou of the two leapectiie cerretpondins aidei will be equal to four 
times the uei of the middle aaatlDii -, u •hown in the fOfegoiag eikiople 
by Rule II. 

If the esdi be ellipticil, the trtuuTerM diuneler of the mlddla Kctien 
will be equal to half th* sum of the traiuvene diameten of the two eodi, 
and Che conjugate diameter equal to half the lum of the coi^iigal« diaue* 

If one end be aa ellipsis and the Dlhei ■ dicle, the traiuTeiae dlaaialer 

of the elliptical end mast be added to the diameter of the citeular end ; 
and half the sum Uken For the tiansiene diameter of the middle settlDD. 
The coDJoEite diojnEler of the middle aectlOB must ba found In ■ limilar 



ine eijoldlttaat peirpendiculai 1 
onuoates. an ai luiluwa :— 1 

Bottom- — TransTerae 1S4 ; lat perpendicular 
«-9, Snd K-7, Std TS-J, 4tb 8S-9, 5th (conjugate) 
85-a, Sth M, 7ih Ifl, Stb «-8, 9th «. Sam oC the aegmeots. 11. 

ToF.— TranaTerae 1S4 ; lat psrpeiidienlar 19'4. Snd MO, 3rd StIO, 
4Ih 7a-4. Sth {conjDgatel 18-0, Mi TG'3, Tth 68*S, Sth S31, >th IM. Bom of 

Here the area of the top baae, calculated according to the rules and 
examples in page 109, la 33 '439)1 {{allana ; and (he area of the bottom base, 
calcDlated according Id the aime rale and exaiDFlci, ii ZliXS. 
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square, or the circular divisor if it be curved, tlie content 
will be obtained in terms of the employed divisor. 

Rule I J. — Find the areas of the two bases, and also 
the area of a section parallel to and equidistant from the 
bases ; then to four times the middle area add the other 
two areas ; and the sum, multiplied by one-sixth of the 
length, will give the solid content. 



The sides beings straight, (see page 133,) half the sum of the two coire- 
spondiug diameters will be the corresponding diameters of the middle 
section. The dimensions found by this rule, and calculated in the same 
manner as the other two bases, shew the area of the middle section to be 
39*8196 gallons. Then» 

BT &ULB iz. 

Middle section 89*8196 x 4 <= 1193784 

Upper base 32*4398 

liOwerbase 27*4565 



1791747 

10 I of the depth. 

Content of the vessel 1791*747 gallons. 

When the extreme thicknesses of a solid are not A 

at the ends, it may sometimes be divided into por- 
tions which have their extreme thicknesses at the 
ends ; that is, into two or more prismoids ; in which 
case, the contents of their portions may be found 
separately and added together; the sum will b^ 
the content of the whole. Thus : ^ IHSii^i^SD 

(3.) What is the content of a round solid of which 
the whole length, A B, Is 370 inches, the greatest 

girt, G D, 77 laches ; is 160 inches from the greater ^ ^HfflflB^V ^ 
end, E F, of which the girt is 54, and the middle 
girt, G H, 67i also the girt at the less end, I K, is 
36 inches, aiid the middle girt, L M, 59 inches ? ~ '^^ 

Here 160 inches is the length of one portion of the solid, and 370—160 
=210 is the length of the other portion ; hence, 

BT RULB XI, 

77x77= 5929 77x77= 5929 

64x54= 2916 86x36= 1296 

4x67x67=17956 4x59x59 = 13924 



jl'ilJPl:.. 



r-a^iijj^...,... 



26801 xl60'^6»=714693'3333 81 149x210'-f'6 =740215 
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To FIND THfi CONTENT OP A wfiDGE.* — Td the length 
of the edge add twice the length of the base ; multiply 
that sum by the height and by the breadth of the base, 
and one-sixth of that product will be the solidity* 



Then 714«93*SS33 + 740215 =» 1454906-3333 
Constant factoi when circumference is given *0795S 



Content 1 15781 •60516 ovbie IncliM. 




Then 115^1*60516^ 1728==: 87 cubic feist 5) tabic inches. 
And 1157S1-60516-7- 277-274= 417*57108 imperial gaUona. 

* BXAMFLBS OF THB WBDOB. 

(4.) Let L M N O P be a wedge, the 
length of the base, L F, being 35 Inches, 
the breadth, L M, 15, the edge 40, and the 
perpendicular height from it 18 inches ; 
what is the content ? 
Here (2 x 35 + 40) x 15=110 X 15= 1650 
One-sixth of altitude.,^.. 3 

Conteat 4950 cubic inches = 1785237 gallons 
• (see p. 31.) 

The perpen^cular height of a wedge may be found by extracting the 
square-root of the difference between the square of the slant height and 
the square of half the breadth. 

The slant height may be obtained by extracting the square-root of the 
sum of the square of the height and the square of half the breadth. 

(5.) Suppose a quantity of malt 
be disposed in the form of a wedge ; 
its height, A F, being 8 inches, the 
breadth of its base, B C, being 20 
inches, its length 40 inches, and 
its edge 20 Inches. What is its 
content? 

Here (80 4-2x40)x8x20xi = 16000 -f- 6 = 2666*666 inches = 
1*20216 bushels. 

If the length of the base be equal to that of the edge, the wedge is evi- 
dently equal to half a prism of the same base and altitude ; and it will then 
only be necessary to multiply the length, breadth, and height together, 
aad take half the product for the solidity of the wedge. 

(6.) Suppose a malt store to be in the form of a wedge, its perpendicular 
height, A F, being 400 inches, the length of its base and edge being each 
850 inches, and its breadth, B C, 300 inches : what is its content in bushels 7 
Here 40Ox35Ox3OO-f-2= 21000000 = 94671696 bushels. 

n2 
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4. Of the Sphere and its SecUens. 

A Sphere,* or globe, is a round solid, every part of wliiclk 
is equally distant from a certain point witliin it called its 
centre. It is generated by the rotation 
of a circle or semidrele upon one of 
its diameters as an axis. One lialf of 
a sphere is called a hemisphere. 

A segment of a sphefe is any por- 
tion of it which is cut off by a plane ; 
and the circle in which the plane cuts 
the sphere is called the hose of the segment. A zone is a 
part intercepted between two parallel Imed, and is, there-> 
fore, the difference between two segments. When the 
ends, or planes, are equally distant from the centre ob bodi 
sides, the figure is called a middle zone. 

A sector of a sphere has a right cone added to the segment. 

The diameter of a sphere is any right line passing 
through the centre and terminated both ways by the 
surfafie* 

-I —^1 IIMt III II I I L_-__L_ - _ __ L I "I. 

* THSOABM8 AXLAimiO TO THB 8PHEKE, &C. 

1. The surfiice of a sphere fe equal to the product of the circumference 
and diameter of th* generating circle ; that is, to four times the area of one 
its great circles. 

2. The surfaces of s|dieres are as the squares of the radii, and their 
solid contexts are as the cubes of thek radii. Hence, if the diameter of a 
sphere be 1, its circumference and superficial content are equal, namely, 
3' 141592 ; and if the diameter be 6, the sottdity and superficial content are 
equal, namely, 113*097312. 

8. The solid cont^it of a sphere is to that of a cylinder, |^. VrZl*^ .t^ 
(see page 114) of equal base and altitude, (the diameter Jx^^^TU 
of the base of the cylinder being equal to that of the |r\ /\ 

sphere,) in tiw proporfion of two to three ; and to that R \ / \ 
of a cone of equal base and akltude, as two to one. (\«^-A>i/ i 
These beautiful relatione were discorered by Archimedes. ^ J^^m*w<~^ 

4. Every section of a sphere by a plane Is a circle. 

& If one-half of the diameter of a spherical segment be squared, and the 
product divided by the altitode, the quotient win give the altitude of the 
other segjuent. 
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To FIND THE CONTENT OF A SPHERE.* RuLE 1. 

Find the area of a circle in the middle of the sphere ; 
multiply it by two-tliirds of the height ; the product will be 
the content. 

Rule II. — Multiply the cube of the diameter by •6236 
(the content of a sphere whose diameter is 1); the product 
will be the content. 

* EXAMPLES OP A 8PHBKB. 

(1.) What IB the content of a sphere whose dia- 
meter, A B, is 13-5 inches! 

br AcUt t. 

&ere the constant factor is '7854 bt kvjA it. 

AB« = 12-5 X 12-5= 156-85 12-5 X 13-5 X 125 = 1953-125 




•5236 



Area of circle 122*71875 

I of 12-5 8| Content 1022*65625 inches* 



Content 1022*65625 inches -f- 277 274 = 3*68825 gallons* 

8PABRICAL FAdTOBB, DIVISOES' &d. 

Instead of multiplying by *5236, a factor or divisor may be used, which 
WUl produce the answer, in gallons or bushels, at one operation. Such 
factors and divisors may be found and used as follows : — 

Ab every sphere is equal to two-thirds of its circumscribing cylinder^ 
(Bee theorem 3, page 136,) it is cedent that twO'*thirds of the circular 
flMstors (see pages 57, 91,) will be the factors for a Sphefe ; thus : 
•0028396 X 2 -7- 3 = -0018884 Factor for gallons. 
•000354 x2>r-3»i*000236 Factof for bushels. 

The divisors for a sphere are in the same ratio, but inversely, hence 
I of the circular divisors (see pages 57, Ol,) Will be the divisors for a 
sphere, and may be found thus : 

As 1:1-5:: 353036: 529*554 Divisor for gallons. 

As 1: 1-5 ::2824^289: 4236-434 Divisor for bushels. 

The gauge-points for a sphere are the square-rootp of the spherical 
divisors. (See " Gauging," &c., injra.) 

(2.) Let AB C be a globe, or sphere, whose diameter is 30 inches J 
what is its content in gallons 7 

BY A FAOTOB. St A DlVISOfi. 

"'C' ''^''Z a>xa)x80 8000 ,„^ „. 

■75536 X 80 = 15-1072 galb. 

N 3 
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To FIND THE CONTENT OF THE SSOMENT OF A SPHERE.* 

Rule I.~^To three times the square of the radius, or 
half diaiQeter, of the segment's base, add the square of its 
height or depth ; multiply the sum by the height or depth, 
and the last product by *5236, ox by the proper factor for a 
sphere or globe ; and the last product will be the content in 
terms of the factor employed* 

B/ULE II. — To the square of the diameter of the seg- 

-^— — Ml»|.— ^ ■■ ■ ^ !■■■ ■ ^ ■ M l ■■ , m^ I III! ■ ■— Ml— ■■ ■ ■■ ■ ^ .^l ■ ■ ■ ■ 

* BXAMPLB OF TSB SBOMSNT OF ▲ 8PHBBB. 

(3.) Wlutt isthe content of the spherical segment A D B O ; the diameter 
of the circular base, A B, being 36 inches, and the height, D 0, 15 inches 1 

BT BULB I. jy 

Here the radios of the base being ^ = 
18 inches, ve have 

18 X 18 X 3=824 X 3 = 972 
Add square of height 15 x 15 = 225 

1197 
Multipfied by the height 15^ 

17955 
Constant factor (see p. 137) -5236 

Content 9401*2380 cubic inches. 




Or thus. (3 X I8> + 15« ) X 15 X -€018884 (factor for ^heres, see pi^ 13f ) 
= (972 + 225) X 15 X '018884= 1187 x 15 x '0018884 = 17955 X -0018884 = 
33-906 gallona. (See 6utteridge*s ** Oauger,*' page 65, showing the advan- 
tage of this mode of working orer that recommended in Ballaid'tf 
« Gauging," page 96.) 

The semi-diameter of a segment a8Ao = oB is a mean proirartional 
between E o x o D, and the square of A o = o B ia always equal to the 
product of E o X o D. jy 

(4.) What i» the content of a copper in the 
form of the s^ment «f a sphere, the diameter 
of its base, A B, being 4ID inches, and the 
depth, DC, 18 inches? 

BY BULB il. 

Here 18 + ^ = 18 + ^ = 18 + 222222 = 40-2222 = diameter of 

Sphere of which A C B is a segment. (See page 94, example 11.) 
Then 40* 4. 2 x 40-2222 X 18 = 1600 -}- 1448 = 30^. 
And 3048 x 18 X -2618 = 14363-3952 cubic inches. 
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ment's base, add twice the product of the diameteT of the 
sphere and the height of the segment ; muliiply the sum 
by the height of the segineDt, and the laat product by 
'2618 foT the content of the segment required. 

Rule III. — Multiply ihe difference between three 
times the diameter of the sphere and twice the height of 
the segment, by the square of the height ; the last product 
multiplied by '5236 will give the content. 

SPHERE.* — To half the sum of the squares of the top and 
bottom diameters add two-thirds of the square of the 
height; multiply this sum by the height; divide the product 
by a circular divisor, or multiply it by a circular factor ; and 
the result will be the content in terms of the employed 
divisor or factor. 



C A D 



(5.) Required the content of u apherii^aJ 
tone or fniBtum, of which the height, A B, 
a 10 inches, Bnd the dlimeten M Iti 
eodi, C D vid E F, ue 50 and «0 inchei 
mpectiTe[^. 

10 X 10 X • =1 «6'W B 

311SM X 10= J1166-M X ■78M= «44T8'3 ea 



2130 X 30 ^ 63900 -T-J&a-OMliee page 31j = 1BI galls. 
Ihe middle >i 

or gienler diuoetn, j of the gqmvs of the 
height, end multiply the remainder by the 
hnghlandlu'TeM; Ihiu; £ 

(7.) Bequired the content of the middle 
(One of * aphere, of which the uia is dt 
iochea, and the height of the tone It inchea. ' 
(44>— I X I4>J X I4x-7B51 = !05««'IOSlcublo 
inchea.— Aigrom't Malhemaliei, 



uo 
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5. Of Spheroids, Conoids, and Spindles,* 

A spheroid is a solid wliich may 
he supposed to be generated by tbe 
tevolution of an ellipsis about one 
of its axes ; as A C B D. If it 
revolve about its greater axis, the 
Solid generated is called a prolate or ohtong spheroid ; and 
if it revolve about the lesser axis, the solid is called an 
oblate spheroid, 

A conoid is generated by the revo- 
lution of a curve about its axis ; and 
it is called a parabolic conoid, or an 
hyperbolic conoid, according as the 
generating curve is a parabola or aH 
hyperbola. 

Any part of a conoid cut off from the vertex by a plane 
perpendicular to the axis of revolution is called a seg- 
ment; and what it wants of 
the whole conoid is called a 
frustum. 

If a circle, or any one of 
the conic sections, revolve 
round an ordinate to the axis 
thereof, the solid generated would be called a spindle, 





* THEOREHS &ELATIHO TO SPHEROIDS, 8CC. 

1. A spheroid is equal to } \ of its circrnn- 

2. A paraboUc conoid is equal to J .., (i*^'d'"*l ^^' 

9. An hyperbolic conoid is equal to ^^^^ or as 1 to 2'4 i ^q sam^b^ 

4. A parabolic spindle is equal to ^^^^ or as 1 to *875 / and altitude; 

5. If a circle be described upon either axis of an ellipsis, and both revolve 
Upon that axis, the spheroid generated by the ellipsis will be to the sphere 
described by the circle, as the circle described by the revolving axis of the 
ellipsis is to the circle described by the diameter of the circle ; and so is any 
segment or frustum of the spheroid to the corresponding segment or frus- 
tum of the sphere.— /ngram'f MaihematieSt 154. 
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(as A B C D,) with the nttme of the generating curve 

pic&xed. Thus, 

li U ( circle, ■ . . ^ » " / circular . . ^ 
go g a J ellipsis, . . f :o ^ \ elliptic. . . ( . „ 
„6n"S ., >'3l\ Li- / spindle. 
^ a -^ i parabala,.. 1 S s J pEmbolic. I ' 

J5 M \ hyperbola, j -a g I, hyperholic ) 
Any part of a spheroid, or spindle, cut off by a plane 
parallel to its axis is called a le^ent ; and what it wants 
of half the spheroid, or spindle, is called a frustum. 

To FIND THE CONTEST OF A iFUEKOiD. — Multiply 
the square of the greatest diameter hy the trMisrerse dia- 
meter thereof, and that product by '5236 ; the last pro- 
duct will be the content.* 

To FIMD THE CONTENT OF THE SEGMENT OP A 

spEEBOiD.'f' — Find the spherical segment which has the 



(1.) Reguind the aoUd conteat ot an oblong 9pli«- 
loid, A D B C, the ue> at the gaoeiating ellipali 
being M sad X iscliea reipectiTeljr. 

3SxB« = 12MxM^ «M64 X 5«3« ^ S66U-G2M 
inches, or m-IMI giiloat. (See table page W.] 

Instead of the decimal -BSOt, the dlviwin or ttJS- 
ton for ipbem Isee page 197) oMy be used, if the 
anawei be required in gallou or buihela. 

(S.) Required tbexitidconlenl of >aDblale(pheioid.lbeaieiottbeeene- 
lating ellipaii bring 42 and 80 Inchea Kspectiietj. Aiu. 17706-918 Inchea. 

The (ame naull would be obtiuiKd hj the talloiring nle :— Find the 
area of the clicle in thenlddle, and multiply It fa; the length; multiply 
ths product b J 9 and dlrtde bj 3 ; the quotient wiU be the aolldltr. 

(2.) Theheight.EC.ottheii^menloftheoblong 
■pbeToid A B C E, o[ which tlie bu« ia petpen- 
dicnlar to tbe fixed eili. ii IS, and the axes arc 
48 and 38 inchei ; reqnlied tbe content. 
S X M = 144 
3 X Ifl ^ 31 

16« - 8MT8 K -5SM = IMIS'SM 

— Zn^raH't MMamlia. 
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same height and the same axis ; then if the base be per- 
pendicular to the fixed axis, the square of that axis is to 
the square of the other, as the spherical is to the spheroidal 
segment. But if the revolving axis be perpendicular to 
the base, that axis is to the fixed one, as the spherical is 
to the spheroidal segment. 

To FIND THE CONTENT OF THE MIDDLE ZONE OF A 

BPHEEOiD.* — To twice the area of the greatest base add 
the area of the least base, and multiply the sum by one- 
third of the length, or height ; the product will be the 
solid content. 



If the vessel be an exact half of a prolate spheroid, the content may be 
obtained by multiplying the square of the diameter by the perpendicular 
height, and dividing by 529*554 for gallons, and 4236-434 for bushels. 

Any diameter parallel to the base of a prolate semi-spheroid may be 
found as follows : — To the altitude of the given vessel add the distance 
between its base and the required diameter, and from the altitude sub- 
tract the said distance ; multiply the sum by the remainder, and extract 
the square-root of the product ; then say as twice the altitude of the 
given vessel is to the diameter of its base, so is twice the above root to 
the diameter required. — Nishet and Little's Gauging, 

* EXAMPLE OF THE MIDDLE ZONE OF A 8PHBE0ID. 

Vessels in the form of a complete oblate spheroid are never met with in 
gauging, but casks are sometimes made in the form of the middle zone of 
a spheroid, and are then called, by gangers, casks of the Jirst variety. 

(4.) Required the content of the middle zone, 
T P m n. of an oblong spheroid, the base being 
I^erpendicular to the fixed axis, the length, o u, 
48, the greatest diameter, £ F, 42, and the least* 
T P, 32 inches. 
43 X 42 = 1764 
1764 
33 X 32 = 1024 

4552 X 16 = 72832 X '7854 == 57202 2528 hiches = 306*3 gallons. 

If the content be required in gallons or bushels, twice the square of the 
middle or greatest diameter added to the square of the end may be multi- 
plied by the length of the frustum, and by one-third of the proper circular 
factor, that is. by -0009442 for gallons, and for bushels -00011804; the last 
product will be the content in terms of the employed factor. 
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To FIND THB CONTENT OF A PARABOLIC CONOID.* 

— Multiply the square of the base by the height, and the 
product by half the circular factor, namely, by '3927 for 
inches, '001416 for gallons, or '000178 for bushels ; the 
last product will be the content in terms of the employed 
factor. 

To FIND THE CONTENT OF THE FRUSTUM OF A 

PARABOLIC coNOiD.f — Multiply the sum of the squares of 
the two diameters by half the height, or depth, and by 
'7854, or other circular factor ; the product will be the 
content in terms of the employed factor. 




* BXAMPLB OF A FAKABOLIO CONOID. 

(5.) Suppose A B D be a parabolic eonoid, 
the diameter, B D, being 40 inches, and the 
height 30 inches, what is the solid eontentt 

40x40 = 1600x30« 48000 x 'SftaT « 

18849-6. Ans. 

The same rule will also gire the content 
of the segment of a paraboloid. 

i BXAX FLX8 OF THB FBU8TUM OF ▲ FABABOUO OONOII), 

(6.) If A E F P (fig. 2. page 140,) be the frustum of a parabolic conoid, 
the greatest diameter, A D, being 58 inches, the lesser diameter, £ F, 
90 inches, and the height, m 0, 18 inches ; what is the solid content t 
58* =3364 

90* =r. 900 

4^64 X 9 «= 38376 X '7854 = 30140-5104 inches. Ans. 

If the frustums of two equal paraboloids be joined together, at their 
greater ends they will form a figure which, by gangers, is called a cask of 
the third variety. 

(7.) Suppose a cask to be in the form of 
two equal frustums of a parabolic conoid, 
the length is 40 inches, the bung dia- 
meter, B C, 33, and the head diameter, 
D E or F O, 94 inches; what is the con- 
tentjua gallons? 

(82* 4- 24« ) X 20 X -0028326 = 90*6432 gallons. 

Any diameter parallel to the base of a paraboloid may be found as fol« 
lows : — ^From the perpendicular altitude of the giyen vessel subtract the 
distance between the base and required diameter, and reserve the 
remainder; then say, at the perpendicular altitude of the given veMel is 
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To FIND THE CONTENT OP AN HYPERBOLIC CONOID.* 

—To the square of the radius of the base add the square of 
the diameter in the middle between the top and bottom ; 
multiply this sum by the height, and the product by 
•5236 ; the last product will give the content. 

To FIND THE CONTENT OF A SPINDLE.f To the 

square of the diameter in the middle of the spindk add 
the square of double the diameter at one-fourth of the 
length (that is, exactly between the middle and one of the 
ends); multiply the sum by the length, and the product 
again by '1309, and it wiU give the solid ity, very nearly. 

to the square of the diameter of iU base, so is the reserved reminder to 
the square of the required diameter; the square-root of this number 
wiU be the diameter sought— iVuftc/ and Utile** Cfwging. 

• BXAMPLB OP AN HYPBEBOUO CONOID. 

(8.) What is the content of an hyper- 
bolic conoid, the semi-diameter of the 
base being 52 inches, the '.diameter m 
the middle 68 inches, and the height 50 
inches 7 
(52« 4- 68*) X 50 « 366400 X '5236 = 1918« inches. C 

If a 7«s8el in the form of a frustum of an hyperbolic conoid should be 
met with, its content may be found as foUows :— 

Find a fourth proportional to the transrerse, the coi\jugate, and the 
altitude, and subtract a third of its square from the sum of the squares of 
the radii of the bases; the remainder, multiplied by twice the altitude 
and by -7854, will give ^e content. 

t BXAMPLB OF A 8PINDLB. 

(9.) What is the solidity of a spindle, 
A C B D, whose length, A B, is 20 inches ; 
tbe greatest diameter, C D, 6, and the 
diameter at ^ of the length 4*74 inches ? 
6* = 36 

4-74x2 = 9-48* =89-8704 

125-8704 
20 




2517-408 
•1309 




329-5287072 inches. 
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To FIND THE CONTENT OF THE MIDDLE ZONE OF A 

CIRCULAR SPINDLE. — From the square of half the length 
of the spindle, subtract a third of the square of half the 
length of the zone, and multiply the remainder by half the 
length of the zone ; also find the area of the space which 
generates the zone, and multiply it by the central distance, 
and subtract this from the former product ; and twice the 
remainder, multiplied by 3*1416, will give the solid content. 

Of a, paracolic spindle the content may be obtained by multiplying the 
square of the middle diameter by the length, and dividing that product 
by >^^ of the circular divisor, namely, by 661*943 for gallons, and 5:195*543 
for bushels. 

Of an aUptwal spindle the content may be found as follows : Divide 
three times the area of the generating segment by the length of the 
spindle; and from the quotient subtract the greatest diameter, and 
multiply the remainder by four times the central distance, and subtract 
the product from the square of the greatest diameter ; and the remaiadar 
multiplied by the length, and by '5236 will give the content. 

* BXAMPLB OF THE MIDDLE ZONE OF A CIKCULAB SPINDLB. 

( 10.) What is the content of the q 

middle zone of a circular s[nndle, B^^rt^^^S^^^^^ ^ 

the length, no, or G £, being 20 i t^^^ T*" ^^^^^ 

inches; the greatest diameter, A ^.S ^^'^ O I ^^^InX 
C D, 16 inches ; and the least dia- n™ [p Arr'7 * 

meter, E F, or 6 H, 12 inches ? ^^»w I ^.^^^ 

Here 00» -7-00= 100-^2=^.50. P^*^-*-« L— -^^ H 

Then 50 + 2 = 52 Diameter. 

And ^ :s ^ = '0384^8^ Tabular versed sine. 

Circular segment (by Table, ittfra) is HNWIU 

52x50 s 2104 

Area of segment O C E O O 26*880464 

Rectangle, Gn = 20 x 6 120 

Generating area G C E o n 146*880464 

Central distance =:26~8» 18 

2643-648358 

Again, 26« — 18« =676—324 = 352= A P« 
i n P« = i X 10> = 100 -7- 3 = 33-33333 

318-66666 
Then 818*666666 X 10 ~ 8643*848S52=» 5«e*8I83M, and 542*818514 x 9 X 
3- 1416 » 841O-68063 cuMc inchei; hemoe 3410-63063 -7- 277-274 ^ 18-3006 
gallons. 

O 
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To FIND THE CONTENT OF THE MIDDLE FRUSTUM 

OF A PARABOLIC SPINDLE.* — Add eight times the square 
of the middle diameter, three times the square of the end 
diameter, and four times the product of those diameters 
into one sum ; multiply this sum by the length, and divide 
the product by fifteen times the circular divisors (namely, 
by 5295-54 for gallons, or by 42364*35 for bushels); the 
last product will be the content in terms of the employed 
factor. 

Rule II. — To twice the square of the middle diameter 
add the square of the diameter at the end ; subtract there- 
from four-tenths of the square of the difference between 
these diameters ; the remainder multiplied by the length and 
by one-third of the circular factor, that is, by '2618 for 
inches; '0009442 for gallons: or •00011804 for bushels; 
will give the content in terms of the employed factor. 

* BXAMPLB OF THB MIDDLE FBU8TVM OF A FABABOLIC SPINDLB. 

A cask in the form of the middle firustum of a parabolic spindle is called 
1>7 gangers a cask of the second Tariety, and is the most common of 
any of the varieties. 

(11.) The length, A B, of a ressel in the 
form of the middle frustum of a parabolic C 

■piadle is 20, the greatest diameter, C D, 
16, and least diameter, B F or Q H, 12 
iuohes ; required the solidity. 

BY BULB I. 

Here 16* X 8 = 2048 

12t X 3 =s 432 

16 X 12 X 4 = 768 

3248 X 20 -r- 5295-54 = 122669 gallons. 

(IS.) The bung diameter, G D, of a cask is 32 inches, the head diameter. 
O H, 24 inches, and the length, A B, 40 inches ; what is the content ? 

BT BULB II. 

(» X 82* + 24* — -4 X 8> ) X 40 s 103936 x *0009442 = 981364 gallons. 

This is, in effect, the same as the rule for a prismoid, (Rule II. page 132} 
-vrhlcli is applicable to the middle frustum of any spindle. 




. „.] 
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6. Of Ike Five Regular Bodies. 

A Regiilar Body is a solid bounded by similar and 
fgular planes and angular fignrea. Of these there can 

e only five ; namely, the 

Tetraedron,. "s >, / four equilateral triangles, (p. 126) 
Hezaedron,. 1;^ i six squares. (Seepage 114.) 
Octaedron,.. \ a . eight triangles, (See fig. 1.) 
Dodecaedron, 1 5 F twelve pentagons. (See fig, 2.) 
Icosaedron,. / " v twenty triangles. (See fig. 3.) 




D THE CONTEM.*— Multiply the proper tabular- 
olidity (taken from the following table) by the cube of 
be linear edge ; the product will be the solid conteBt. 



No. of 

faces. 


Names. 


Superficies. 


Solidities. 


4 
6 
8 
12 
20 


Tetraedron. 

llexaedron. 

Octaedron. 

Dodecaedon. 

Icosaedron. 


1-73205 

6'00000 
346410 

20-64578 
8-66025 


01 1785 

1 '00000 
0-47140 

7-66312 
2-18IC9 



• To flod the superfliicB o 
' suTlafen, tfken from Ibe i 
the aoliJi, and the produe 



wi-j regular bodv. multiplj' the tabulsr u 
wiu He the snpetacies. 

o 2 



7, Maihenuitieal Tables 
Tablk o/fAe Areas D/SEUi-SavASEa In luFEaiAL Gallons. 
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Table of the Areas </ Semi-Squares in Imperial Oallohau 

COmtinued,} 



DD.3 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
6S 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
88 
83 
84 
85 
86 
87 
88 
80 
00 
91 
93 
93 
94 
95 
96 
97 
98 
99 
1100 



4-6903 

4*8760 

5*0654 

5-2583 

5-4549 

5*6551 

5-8588 

6-0662 

6-2772 

6*4918 

6-7100 

6*9318 

7*1578 

7*3862 

7-6188i 

7-8550 

8*0949' 

8*3383 

8*5854 

8*8360 

9*0903 

9*3482 

9*6096 

9-8747 

10*1434 

10-4157 

10-6916 

10-9711 

11-2542 

11-5409 

11-8313 

121252 

12-4227 

12-7239 

13-0286 

13-3370 

13-6490 

13*9645 

14-2837 

14*6065 

14*9329 

15-2629 

15*5965 

15*9337 

ii6*i;745 

16-6189 

16*9670 

17*3186 

17*6739 

18-0327 



47087 

4-8946 

5-0645 

5-8778 

5*4747 

5-6753 

5-8794 

6-0871 

6*2985 

6*5134 

6*7320 

6-9542 

7*1799 

7*4093 

7*6423 

7-87891 

8*1191 

8-3629 

8-6103 

1*8613 

9-1159 

9*3741 

9*6360 

9-9014 

10*1705 

10-4431 

10-7194 

10*9992 

11-2827 

11*5698 

11*8605 

12*1548 

12*4527 

12-7542 

13*0693 

13-3680 

13-6803 

13-9963 

14-3158 

14-6390 

14-96571 

15*2961 

15-6300 

159676 

16*3088 

16*6536 

17*0020 

17*3540 

17-7096 

18-0688 



4*7872 

4*9136 

5*1037 

5*2974 

5*4946 

5*6955 

5*9000 

61081 

6-3198 

6*5351 

6-7540 

6-9766 

7*2027 

7-4324 

7*6658 

7*9027 

8*1433 

8*3874 

8'6352 

8-8866 

91416 

9*4002 

9*66*24 

9*9282 

101976 

10-4706 

10-7472 

11*0274 

11-3113 

11*5987 

11*8898 

12*1844 

1*^*4827 

12-7845 

130900 

13-3991 

13-7118 

14-0281 

14-3480 

14-8715 

14*9986 

15-3293 

15-6636 

16-0016 

16-3431 

16-6883 

170370 

17-3894 

17-74531 

181649: 



4*7456 

4*9325 

51229 

5*3169 

5*5146 

5-7158 

5-9207 

6-1*291 

6 3412 

6-5569 

6*7761 

6-9990 

7-2255 

7*4556 

7*6893 

7*9266 

8-1675 

8-4121 

8*6602 

8*9119 

91673 

9-4262 

9-6888 

9-9549 

10*2247 

10*4981 

10-7751 

11*0357 

11-3398 

11-6276 

11*9191 

12-2141 

12-5127 

12-8149 

13-1208 

13*4302 

13*7432 

14*0)99 

14*3802 

14*7040 

150315 

15*3626 

15*6973 

160356 

16-3775 

16-7230 

170721 

17-4248 

17-7811 

18-1411 



I 



4-7642 

4-9513 

51421 

53365 

5-5345 

5-7361 

59413 

6-1502 

6-362fi 

6-5786 

6*7983 

7-0215 

7-2484 

7-4788 

7-7129 

7-9505 

81918 

8*4367 

8-6852 

8*9373 

9-1930 

9*4523 

9*7152 

9-9818 

10-2519 

10-5256 

10-8030 

110839 

11-3685 

11-6566 

11-9484 

12*2438 

12*5428 

12-8453 

13*1515 

13-4613 

13-7747 

14-0918 

14*4124 

14*7366 

15*0644 

15*3959 

15-7;J09 

16*0696 

16-4119 

16*7577 

17*1072 

17-4603 

17-8170 

18*1773 



4*7827 

4-9703 

5*1614 

5*3562 

5-5545 

5-7565 

5*9621 

6-1712 

6-3840 

6-6004 

6-8-204 

70440 

7*2712 

7*5021 

7-7365 

7-9745 

9*2168 

8-4614 

8-7102 

8-9627 

9-2188 

9-4784 

9-7417 

10-0086 

10*2791 

10-5532 

10-8309 

11*1122 

11-3971 

11*6856 

11*9778 

12*2735 

12-5729 

12-8758 

13-1824 

13*4925 

13-8063 

14-1237 

14-4446 

14-7692 

150974 

15-4292 

15-7646 

16*1037 

16-4463 

16*7925 

17-1423 

17-4958 

l7-«>28 

18-2135 



4*8013 

4-9892 

51807 

5-3758 

5-5746 

5*7769 

5-9828 

61924 

6-4055 

6-6223 

6-8426 

7-0666 

7*2942 

7-5253 

7-7601 

7-9985 

8*2405 

8-4861 

8-7353 

8*9881 

9*2446 

9*5046 

9-7682 

10-0355 

10-3063 

10*5808 

10*8589 

111405 

11*4258 

11*7147 

120072 

12-3033 

12*6030 

12*9063 

13*2132 

13-5237 

13-8379 

14-1556 

14*4769 

14-8019 

15*1304 

15*4626 

15-7984 

16-1378 

16*4807 

16-8273 

17*1775 

I7*5:il3 

17-8887 

18*249 



4-8199 

5-0082 

5-2001 

5-3955 

5-5946 

5-7973 

6-0036 

6-2135 

6*4270 

6-6441 

6*8649 

7-0892 

7*3171 

7-5487 

7-7838 

8-0226 

8-2649 

8-5109 

8-7604 

90136 

9-2704 

9-5308 

9-7948 

10-0624 

10*3336 

106084 

10*8869 

11*1689 

11-4545 

11*7438 

12*0366 

12*3331 

12*6332 

12*9368 

13*2441 

13-5550 

13*8695 

14-1876 

14-5093 

14*8346 

15*1635 

15-4960 

15-8322 

16*1719 

16-5152 

16-8622 

17-2127 

17-5669 

17-9247 

182860 



8 



48386 

5*0272 

5-2195 

54153 

5*6147 

5*8178 

6-0244 

6-2347 

6-4486 

66660 

6*8871 

7*1118 

7-3401 

6*5720 

7*8075 

8*0466 

8*2893 

8-5357 

8-7856 

9-0391 

9-2963 

9*5570 

9*8214 

10-0894 

10-3609 

10*6361 

10-9149 

11-1973 

11*4833 

11-7729 

12-0661 

12-3629 

12*6634 

12-9674 

13-2750 

13-5863 

13-9011 

14-2196 

14-5416 

14-8673 

151966 

15-5295 

15-8660 

16-2061 

16-5498 

16-8971 

17*2480 

176025 

17-9606 

18*3224 



9 



4*8573 

50M8 

5-8389 

5*4351 

56349 

5*8388 

6*0453 

6*8550 

6*4708 

6*6880 

6-9004 

71345 

7-3631 

7*5954 

7*8313 

80707 

8 3.8 

8-5605 

8-8108 

9-0647 

9-3888 

9-5633 

9-8480 

10-1164 

10-3883 

10-6638 

10*9430 

11*2257 

11*5121 

11*8021 

12-0956 

123928 

12-6936 

12*9980 

13*3060 

13-6176 

13*9328 

14*2516 

14*5740 

14-9001 

15*2297 

15-5630 

15-8996 

16*2403 

16-5843 

16-9320 

17-2833 

176388 

17*9967 

18*3588 



oa 
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Table ^fiht Areai ^ Semx-Squarei tii Imperial Oallohi. 



J- 



101 
102 
103 
104 



Area. 



Ift") 
106 



289-96T7 
291-4157 
.>92-86TJ 
294*3226 



295-7814 
297 2439 
lOT-298-7099 
I0s,300-1796 
109 301-6529 
110,303-1298 
lll>304-610-i 

112 3060943 

113 307-5820 
1141309-0T33 
Uf) 310-5682 
116 312-0668 



117 
lis 
ll<J 



313-5689 
3150746 
316-5840 



120 318-0969 



121 
122 



319-6135 
3211336 
123 3-i2-6574 
!24l3-i4*1847 
l-2:)j;J25-7157 
;26i327-2503 
T. 3-28-7885 
281330-3303 
2G 331-8757 
:;i0;333-4247 
;si! 334-9773 

32 336-5335 

33 3380934 

34 339'&^68 
35' 341 -2238 
36 342-7945 
371344-3687 
381345-9466 
S9 



■10 
41 
42 
43 



347-5281 
349-1132 
350-7018 
352-2941 
a')3-8900 

44l3r)5-4895 

,45 

.46 

47 

,48 

49 

50 



3570926 
3")8-6993 
3r,0-3097 
361-9236 
3(i3-5411 
365-1623 



«8 

CO — 



451 

452 

453 

454 

455 

456 

ASfl 

458 

459 

460 

461 

462 

463 

464 

465 

466 

467 

468 

469 

470 

471 

472 

473 

474 

475 

476 

477 

478 

479 

480 

481 

482 

483 

484 

485 

486 

487 

488 

489 

490 

491 

492 

493 

494 

495 

496 

497 

498 

499 

500 



Area. 



366-7870 

368-4154 

370 0473 

3710829 

3T3-3231 

374-9ft48 

376-6112 

378-2612 

379-9148 

381-5720 

383-2328 

384-8972 

386-5653 

388-2369 

389-912) 

391-5910 

393-2734 

394-9595 

396-6492 

398-34-24 

400-0393 

401*7398 

403-4439 

4051516 

406-8629 

408-5778 

410'296:{ 

412-01&1 

413-7443 

415-4735 

417-2064 

418*9430 

420-6832 

4-22-4269 

4241743 

425-9253 

427-6798 

429-4380 

431*1998 

432-9652 

434-7342 

436-5068 

4^)8*2831 

440 0629 

441-8463 

443-6:)34 

445-4240 

447-2183 

449-0161 

450-8176 
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501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 
515 
516 
517 
518 
519 
520 
521 
522 
523 
524 
525 
526 
527 
528 
529 
530 
531 
532 
533 
534 
535 
536 
537 
538 
539 
540 
541 
542 
5« 
544 
545 
546 
547 
548 
549 
550 



Area. ■ 



452-6227 

454-4314 

456-2436 

4580595 

459-8790 

461-7021 

463-5289 

4&'>3592 

467-1931 

469-0306 

470-8718 

472-7165 

474-5649 

476-4168 

478--J724 

480-1316 

481994;J 

483-8607 

485 7;«)7 

487-6043 

489*4815 

491-3623 

493-2468 

4951348 

4970264 

498-9216 

500*8205 

502-7229 

504-6290 

506-5387 

508-4519 

510-3688 

512-2893 

514-2134 

5161411 

5180724 

520-0073 

521-9458 

5-23-8879 

525-8337 

527-7830 

5*29-7359 

531-69-25 

533-6526 

535-6164 

537-58:^8 

.539-5547 

541-5293 

543-5075 

545-4893 



s 

d 



553 
554 
555 
556 
557 
558 
559 
560 
561 
562 



Area. 



571 
572 
573 
574 
575 



551 547-4747 
'-'-" 549-4637 
551-4563 
553-4525 
555 4524 
557-4558 
5j9-4628 
561-4735 
563-4877 
565-5056 
567-5271 
569-5521 

563 571-5808 

564 573-6131 

565 ;575-6490, 

566 577-68851 

567 579-7316 

568 581-7783: 

569 58:i-8286: 

570 585-8826 
587-9401' 
590-0012' 
5920660 
5941343 
596 2063 

576 ,598-2818 

577 600 3610 

578 1602-4438 

579 '604-5302 

580 ,606-6202 

581 608-7138 
610-8110 
612-9118 
61501621 
617-12421 
619-2^58 
621-3511 
623-4699 
625-5924 
6-27-7184 
629-8481 
631-9814 
6341182 
636-2587 
638-4028 
640-5505 
642-7018 
644-a567 
647-0152 
6491773 



582 
583 
584 
585 
586 
587 
588 
589 
590 
591 
592 
593 
594 
595 
596 
597 
598 
599 
600 



I 



s 



601 

602 

603 

604 

605 

606 

607 

608 

609 

610 

611 

612 

613 

614 

615 

616 

617 

618 

619 

620 

621 

622 

6-23 

624 

625 

626 

6-27 

6-28 

6-29 

630 

631 

632 

633 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 



Area. 



651-3431 

653-51-24 

655-6854 

657-8619 

660-0421 

662-2258 

664-4132 

666-6042 

668-7987; 

670-9969, 

6731987 

675-4' j41 

677-6131 

679 8257 

682-04*20 

684-2618 

686-4852 

688-71*22 

690 94*29 

6931771 

695*4150 

697-6565 

699-9015 

702- 1502 

704-4025 

706-6584; 

708-9179| 

711-1810 

713-44771 

715-7180, 

717-9920 

720*2695 

722-5506 

724-8*54 

727-l*2:n, 

7-294157, 

731-71121 

734-0104 

736-3132' 

738-6196 

740-9295 

743-2431 

745-5603 

747-8818 

750-2056 

752-5336 

754-8652 

757*2005 

759-5393 

761-8817 



CO -a 



651 
652 
653 
654 
655 
656 
657 
658 
659 
660 
661 
662 
663 
664 
665 
666 
667 
668 
669 
670 
671 
672 
673 
674 
675 
676 
677 
678 
679 
680 
681 
682 
683 
684 
6a5 
686 
687 
688 
689 
690 
691 
692 
693 
694 
695 
696 
697 
698 
699 
700 




764-8278 

766-5T75 

7689307 

771-2876 

773-6481 

776-0128 

TT8-37W 

780-7518 

783-1861 

785-5046 

787 8867 

790-2724 

792-6618 

7950547 

797-4513 

799-8514 

802-8552 

804-6625 

807-0735 

809-4881 

8119063 

814-3281 

816-7535 

819-1825 

821-6151 

8-24-0513 

826*4911 

828-9346 

831-3816 

833-8322 

8:J6-2865 

;8;«-7443 

,841-2058 

:843-6709 

8461396 

848-6118 

1851 -0877 

853-5672 

1856-0503 

858-5370 

861-0273 

863-5213 

866-0188 

868-5199 

1871-0-247 

'873-5330 

18760450 

878-5606 

881-0797 

883-6025 
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Tabli i^Dit Akbab q/' Seut-SauARBs in Imfebial Qallohs. 



The lue of this [able wUt be leen hr the nilei md exmpln in n. M. 
lU. 170. ke. It ia cateuliled for inchea and tenthi u fur u W. lad f>r 
Inches ontf, vheo the oumber exceeds 100. Should there be tenths in iny 
Dumber exce«dLnit 100, thtiprgportioniUpBrtforfliieliienthH mty l>efoti!id 
eorrecU}', u tar u the third plice of declmils. bj ninltipljlng the dilTer- 

t1nm1tn-nrt*nlh« \r »Sp ■ynv^mmnnl tftbleA. from vhieh thl> foT^ning 

to 1000 iaeheB ind tcHths, 
ef Beoulah PoLTOONt. 



la ntneled, the cBlcnliUon ia eileud 

No. 

Table for finding the Are^ 



«™. 


■s 


s 


■ide being 
unitj. 


s 


Am IB 


Pent^n.. 


11 


Degreei. 


4'8£»ti^l 

eiBitfi« 

7-6B12088 


■MIM16 

•wraeiws 
■eo«a>4» 

■00DS7O1 

■on«3» 

■M03TW 


OOOIKS 

■0004508 

■0011713 

■oa]«3s« 

■«»4«S7 
■005^ 


"1 

M, 

40 

**. 

so" 
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Tablb ^llte Abbab ^Cikclei bi IiirEKtAL Gallons. 
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CHAP. II.3 



MKNSVKATIOV. 



157 



Table qfthe Areas q^CiacLEi tii ImferiaIi GAUONf. 



101 
108 



106 
107 

108 
109 

110 
lU 
118 
113 



29*4700 



SO-OOfiO 38-9688 89K10M 90<0M9 89 



103 38H»07 30-lOM 



29-a9r7899'(»a67 



104 aa'6ano^3o*«ofi9 3o-7»o 

106 3l'889ddltt§& 



ai*8807!31-8868 
d8*4801 32-4807 



d3i>a91 
33-8637 
34-9741 
34-9001 



331003 
33-7155 
34-3364 
34-9630 



35-5817!35-5852 
36-1690 36-8331 
U436-8180'36*6766 
115J37-4607 37-5859 

116|38'1150i38-1808 
117:38-7750 38-8413 



11839-4407 
119,40-1190 
190;40-7890 
12141-4716 
12:i 43-1&99 
133:42-8539 
134'43'd5a6 
125;44-8589 

126 44-9698 

127 45-6866 

128 46-4088 



39-5075 
40-1794 
40 8570 
41-5409 
42-8891 
42-9836 
43-6888 
44*3897 
45-0412 
4^-7585 
46-4813 



129 47-1368 47-9099 



130 47-8704 

131 48-6007 
132:49-3547 
133 50-1063 
134150-8616 
135 51-6835 
136:52-3918 



47-9441 
48-6839 
49-4895 
50-1807 
50*9375 
51-7001 
58-4888 
53-8481 
54-0816 



55^5977 
56-314356-3948 
57-115057-1964 



137i5!^*1645 

138 53-9434 

139 54-7880 
140155-5183 
141 
142 

143l57-9838|580042 
144 58-7361 58-8177 
14559-5647 59-6368 

146 60-3790 60'4618 

147 61-2090 61-2923 
14862*044662-1884 
149 62-8668 68-9703 
15063-7388 63-8178 



» 



30-1675 



58-5454 59iK226 
53-3198 53-3976153 
54-0999 54*1782 
54-8068 54'88S6 54-9645 
5&-e771 56-7565 
56*4742 56-5649 
57-2769 57-3675 
58-0853 68- 1665 
58-8994 58-9811 
59-7191 59-8014 



31-3481 

31-9469 

33-5514 

33-1615 

33-7773 

34-3988 

35-0359 

35-6587 

36-8972 

36-9413 

37-5911 

38-2466 

38-9077 

39*5745 

40-2469140 

40-9250 

41*6088 

42*2983|42 

42-9934 

43-6942 

44-4006 

45-1127 

45-8305 

46-5539146 

47-2830 

48-0178|48-0916 

48-7582 

49-5043 

50-2561 

51-0135151 



33-6730 
33-2848 
33-9012 
34-5838 
35-1520 
35-7860 
36-4256 
•0060 37-0708 
■37-7217 
38-3783 



'3563 47 



48-8336148 
49-5793 
50*3316)50 
-0896 



51*7766 51-8532 



60-5446 60-6274 
61-3756 61-4591 
62-2124 e3-2^ 
63-0548 63- 1393 
63-9080 63-9880 



30-8738 

31-4674 



m8|89*1818|90* 

29>8177 
30-3432 
30-9323 
31-5872 



32-0674132-1277132.1880 



29-6486 89*7016 89^7906 

30-8860190-9845 

30-814D 

31*4077 

33-0071 

33*6122 

33-2229 

33-8392 

34*4613 

35-0890 

30-7223 

36-8613 

37 

37-6564 

38-8184 

38*9(741 

39*6415 

3145 
40*9932 
41-6775 

3675 
430632 
43-7646 
44-4716 
45-1842 
45-9026 

6266 
47 



8898 89*9960 



29-8759 
30-4605 
31-0508 
31-6468 

32-8485 

38'7338»32-7948 32*8558 



30-4018 
30>9916 
31-5870 



39-0406 39-1071139-1737 



39-7085 
403821 
410613 
41-7463 
49-4368 
43-1331 
43-8350 
44-0486 
45-2558 
45-9747 
46*6993 

4895 
48-1654 

9070 
49-6549 

4071 
51-1657 
51-9299 
52*6998 

4754 
54'2566 
550435 
55*8360 
56*6348 
57-4381 
58-24n 
59-0629 
59*8838 
60-7103 
61-5425 
62-3804 
63-2239 
64-0731 



33-345733-4072 33-4687 

33-9632 34-0258(340874 

34-5863 34-6490 

35-2152 35-8784^35 

35-8487 35<9134 

36-4896136-3542 

37-1357 37-8006 37-3655 37'3305|37 

37-7871137-8526 37*9181 37-9887 

38-4443'38-5103 38*S764J38iM26 



i|34*7117 34*7744 
-341635-4049 
35-9772 36-0411 
36-618536*6830 



39-7756 
40-4498 
41-1296 
41*8151 
43-5062 



40-5175(46 
41-1979 
41-8839 
43-5756 



43-9030 43-8730 



43-9055 



44*613644-6848 



45-3275 



46-046946-1192 



46*7731 
47-5029 
48-2393 
48-9815 
49-7293 
50*4827 
51-2419 
53-0067 
59-7771 
53-5532 
54-3350 
55-1225 
55-9156 
56-7144 
57-5188 
58-3290 
59-1447 
59-9662 
60-7933 
61-6261 
62-4645 



39-8488 39-9100 



43-9761 



45'3991 



46-8449 
47-5763 
48-3133 
49*0560 
49*8044 
50-5584 
51-3181 
53*0834 
52-8545 
53-6312 
54*4135 
55-2015 
55-9952 
96-7M6 
97-5096 
58*4103 
59-2266 
60-0486 
60-8763 
61-7097 
62-5487 



63-3086 63-3933 
641584164-2437 



8 



99'«46 89*4198 



29*9541 

30-5193|30 

31-1102 

31*7067 

32*3089 

32*9168 

3:s*5303 

34-M95 



39-9404 



5863 

41*9663 
41-9528 
42*6451 
43-3431 
44-0467 
44-7560 
45^4709 
46-1915 
46*9178 
47*6497 
48*3873 
49-1306 
49-6795 
dO-6341 
51-3944 
53-1603 
52-9319 
53-7091 
54*4921 
55*2807 
56-0749 
56*8748 
57-6804 
58*4917 
59-3086 
60*1311 
60*9594 
61*7033 
62-6829 
63-4781 



S9'3071 

3M773 

40-6531 

41*3346 

42-0218 

42*7147 

43*4132 

44-1173 

44-8272 

45-5427 

46-2639 

46-9907 

47-7232 

48*4614 

49*9052 

49*9547 

50*7009 

51*4707 

52-2372 

53-0094 

53-7872 

54-5707 

55-3598 

56-1546 

56-9551 

57 

58-5731 

59-3906 

60-2137 

61-0425 

61-8770 

62-7171 

63-5629 



7613 57 



64-3S90| 64-4144 



9 



29*9924 

578i 
31-1696 
31-7667 
32-3696 
32-9779 
33*5920 
34*2118 
34-8372 
35-4683 
36-1051 
86-7475 

•3956 
38*0403 
38-7088 
39*3738 
40-0446 
40-7210 
41*4031 
42*0908 
42-7843 
43*4833 
44-1881 
44*8985 
45*6146 
46*3363 
47*0637 
47-7968 
48*5355 
49-2799 
50*0300 
50-7857 
51-5471 
52-3142 
53-0869 
53-8653 
54-6493 
55-4390 
56-2344 
57*0355 

8422 
58-6546 
59*4726 
60-2963 
61-1257 
61-9608 
62-8015 
63*6478 
64-4990 
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rrVwitfnairf J 



T 



SB 



901 lU'^SS 
aittll5-S60 



aoi 



»ii 

»12 
813 

ei4 



116-957 
90«|117«M0|117-M& 118*111 

119^1 
190-486 



80S ll9iM 119-154 



908 190-809 190-819 



191-879 191*480 191*607 



199*548 199-666 



909198 



799 
194*916 
196*106 
197*807 
18»510 
199*790 



915ll80«35 ISt'On 



St6 
917 



894 



996 



139*186 



US<889 I83'S05 133*688 



»8il34-615 134*738 
136*868 186-977 
137*096 137*991 
138*845 138*470 

889'lS9*600|l39'786 

140-967 

149*197 149*953 

143*808 143 696 

144*676 144-804 

146*068 



819 
990 

891 



997146*960 



999 
930 
981 
232 



946 
M7 
948 
949 
950 



934 

935 
936 
937 
938 
239 
940 
241 
242 
243 
244 
245170^095 



171*415 
172*819 
174*214 
175*<S9 
177*085 



114*569 
115*694 
116*849 



193*8471193*966 

198HIB5 

196*998 

127-487 

188^1 

199^841 



139-278 



147-248 147*3771147 

148*542 148-619 

149-849 149*973 

15M4« 151*279 

159-460 

163-777 

155*100 

156-428 

167*769 

159*109 

160-448 

161*799 

163*166 

164*518 

165*886 

167*860 

166*639 



159*691 

153-909 

166-238 

i66-561 

157-896 

169*236 

160'668 

161-934 

168 

164*666 

166-093 

167*898 

166'778 

n0*163 

171-666 

178*968 

174-354 

175*763 

177-177 



114*666 114*780 
115*8091115*988 
117*072 
118*827 
119*887 
180-653 
181*794 
199*909 
194*084 
195*973 



188*784 



185*154 
196*348 
187*647 
188*769 
189*969 
131171) 
139*401 



992163 



134'869 
136101 
137*345 
138*596 
189*852 
141*113 
149*380 
143*663 
144-939 
146*916 

606 
148-802 
150*103 
161*4K) 
169*723 
164*041 
166*366 
156'685 
168*030 
159*371 
160-717 
169*070 

498 
164*791 
166*160 
167-535 
168*916 
170*302 
171*694 
173*092 
174-495 
175-904 
177*319 



196-467 196*687 



197*667 
198-873 
180-084 
131^1 
139*593 
133*751 
134-985 
136-995 
137-470 
138-791 
139irn 
141-940 
149*508 
143*781 
145*060 
146-346 
147-686 
148-932 
150-834 
161-541 
159*854 



114*894 
116-088 
117-M7 
118*849 
119*908 
190-670 
191*849 
193-090 
194*903 
195*899 



127-787 
198-994 
130*906 
131*493 
139-646 
133*875 
136*109 
136-349 
137-695 
138-846 
140*103 
141-366 
143*635 
143-909 
145*188 
146*474 
147*7651 
149-062 
150*364 
161-672 
169-986 



154-173 154-305 



166-496 
156-898 
158-164 



159*605 159*640 



160*859 
169-905 
163*564 
164*998 
166*998 
167-673 
169-064 
170-441 
171*834 
17S-939 
174-636 
176-046 
177*460 



166*630 
156*961 
158*998 



160*967 
169-341 
163-700 



163-836 



166*065 165*201 
166*435 166*572 
167-811 167-949 
169*193 169-331 
170-580 170*719 
171-973 172*113 
173*872 173*512 
174*776 174-917 
176*186 176*328 
177-609 177-744 



p2 



115H)06 IIS-US 
116*158 116*867 
117*808 117*418 
118*458 118*574 
119*690 119*736 
190*787190*904 
191*9901991)77 
193*138 193*956 
194-399 194*440 
195*511 195*681 
196-707 196-887 
197-908 198098 
199*114 199*986 
130^397 130*448 
131-646 131*667 
139*768 139*891 
133-998 134-191 
135-933 135-397 
136-473 136*598 
137-790 137-846 
138*972 139*097 
140-229 140*356 
141.493 141*619 
142*762 142*869 
144*036 144*164 
145*317 145*445 
146*603 146-732 
147*894 148*024 
149*1921 149*399 
150*696 



150-495 
151-803 151*935 
153*118 
154*4381154 



163*949 
570 

155-763J 156*896 
157*096 157-998 
158*432 168*566 
159*774 169-909 
161-122 161-258 
162*476 162*612 



163-972 
165*338 
166*710 
168*087 
169*470 
170*866 
172*253 
173*652 
176*058 
176*469 
177*886, 



ii5*9n 

116*888 
117*588 
118*690 
119*658 
181-091 
199*105 
193^4 
194-569 
195*790 



8 



196*947 197*066 



198*140 
199456 

130-570 
131-789 
138-014 
184*944 
135*480 
136*722 
137-970 
139*993 
140*489 
141*746 
143-016 
144*909 
145-973 
146*861 
148*153 
149*496 
150-766 
152*066 
163*381 
154-709 
156-089 
167-362 
168-700 
160*048 
161-398 
162-748 
164*109 
165*475 
166-847 
168*225 
169*608 
170i)98 
179-392 
173*793 
175-199 
176*611 
178098 



115*851 
116*497 
117*646 
118*606 
119*969 
181*188 
188*318 
188*492 
124*678 
126*669 



128*969 
129*478 
130*682 
131-911 
133*187 
194*868 
136*604 
136*647 
138-095 
139*348 
140*606 
141*873 
143*144 
144*420 
145*702 
146-990 
146*283 
149-582 
160*887 
162197 
153*513 
154*836 
166*162 
157-495 
168*834 
160-178 
161*598 
162-684 
164*245 
166*619 
166*985 
168*363 
169*747 
171-137 
179*632 
173-933 
175*340 
176*762 
176*170 



115 

117*764 
118*998 
190*066 
191*965 
199*480 
188*611 
184-707 
185*969 
187186 
189-890 
199-509 
130-618 
139*084 
133-800 
134*491 
135*798 
136-971 
138-99(1 
139-474 
140-784 
149-000 
143-971 
144-548 
145*830 
147*119 
148*413 
149*712 
161-017 
169*398 
153*646 
164*967 
166*995 
167*689 
156*968 
160*313 
161*663 
163-090 
164*369 
166-749 
167-199 
168-601 
169-886 
171-976 
179*672 
174*073 
176*481 
176*694 
176*818 
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I 



s 



S51 
959 
«VS 

995 

956 
967 
958 
959 
980 
981 



988 
984 
986 



987 
988 



8ll»9e8 



971 

979 

978 

974 

975 

978 

8771917 

978 
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CHAPTER III. 



GAUGING. 



^tauoino, from tlie French word jaugCf a "measuring^-rod," 
T ** standard," is the art of finding the contents of casks 
nd vessels used hy persons nnder the survey of the excise 
^ fficers, and of fixing and tabulating the same in such 
lanner, that the contents thereof whe)i fuU, or partly full, 
lay be ascertained by a meafiuring-rod, or some concise 
lethod of computation . The term ' ' Ganger' ' is sometimes 
.sed to express the whole business of an excise officer. 

Many of the calculations in gauging are performed by 
the sMding-rule, the construction and use of which, there- 
fore, it will be proper to describe ; after which the practice 
of gauging, as at present performed by the officers of 
excise, may be considered under the foUowing heads: — 
1. Gauging open Vessels. And 2. Cask Gauging and 
Unagitig, 

Part I. — The Sliding-Rule. 

The sliding-rule is a portable instrument for facilita- 
ting mathematical calculations, by the sliding of the dif- 
ferent parts of the instrument one by another; the lines 
and divisions upon the respective parts giving the answers 
by inspection. It is, as to its principal lines or tables, 
founded upon the principle of logarithms. 

The sliding-rules used in gauging are made in dif- 
ferent forms and of different lengths, from six to twenty- 
four inches ; but nine and twelve inches are the most com*" 
mon lengths. The one from which the annexed engraving 
is taken, is only six inches long^ and has been adopted 

F 3 
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for the convenience of its size. In whatever form the in- 
strument is made, it has always four lines or parts, known 
by the names, and marked with the letters, "A," "B," "C," 
and **D," and different mtoks called gauge-points, varying 
with the particular business of the person using the rule ; 
and all sliding-rules adapted to malt-gauging have a line 
marked ^*M D;" While those used for ullaging casks have 
two lines, marked respectively "SS," and "SL;" and 
sometimes there are three other lines marked *'X,'' 
" Sphd.," and " 2 Var." 

On some sliding-ndes there ai'e lines for reducing and 
iraluing spirits ; and on others, of a larger size, there is 
sometimes a line of inches atid tenths, and a line called a 
diagonal -line ; but these lines are more commonly gra- 
duated on separate rules, called proof^rules, and diagonal- 
rodsi 

1. Of the Lines A and B. 
The line A is called Gunter*s line, from its inventor, 
Mr. Edward Gunter, who, in the year 1624, first made 
the discovery of applying logarithms* to extension; and of 

!■ • ■■ ■III ' l !■ -i— ^— I I - Mill ■ ' ' I ■ . 

* Logarithnu are numbers in arithmetical progression, corresponding 
witli other numbers in geometrical progression^ thus : — 

013845678 

1 2 4 8 16 32 64 128 256 

Here the first series of numbers, ot indices, in the arithmetical pro- 
gression are the logaritkmt of the second series, which is geometrical ; 
because it will be found that if any two of the indices be added together, 
their ttmiwill be the logarithm ot^e product of the numbers to which 
they belong ; and if any one of the indices be tubimcted from another, 
their difference is the index of the quottetU of the numbers. Thus, 8 and 3 
are 5 ; the number against 5 is 33; which is i^eproduuA of 4 x 8, whose loga- 
rithms are 3 and 3 ; and so 5 from 7 leaves 3— the logarithm oonespondiBg 
to 4. the quotient of 128 by 32. Hence, it appears that uddiUon of loga- 
rithms answers to muUipUcation of common number^ ; and ^ubtracHon, to 
tUtision, 

The same would be the cast with any other geometric!^ series. And 
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pei^orming upon this line» by means of a pair of com- 
passes, the business of multiplication, division, and various 
arithmetical operations where the rule of proportion was 
required. This line, which, from its utility, is sometimes 
also called the '*Mne of lines," and the " line of numbers/' 
contains a scale or radius of graduated logarithms, numbered 
from the left to the right, with the figures 1 2845678 
9 10, and the spaces between each of these integers are 
again graduated into sub*>divisions more or less minute, 
according to the length of the space. 

When this line takes up the whole extent of the fixed 
part of the rule, and the numbers run in regular progres- 
sion, it is (in whatever part it may be placed) marked 
with the letter " A." 



sinM sombers Are but expiessions Ibr the meunre of diBtances from a- 

ftsed point, U foUows, that if from the commence* ^ 

m«at of KBj Une, ai 0, we set off equal distances in 

tbe poinis 1, 3, 3, 9ot^ and raise against them a 

series of perpendiculars 1, 8» 4, 8, &c.» increasing 

in length in proportion as their distances from Ot 

we shaU haTC, in the extronities of these perpen- 

dienlars, a series of distances, 1, 8, 4, S, &Cn whose 

logarithms will he the distances, 0, 1, 8. 8* &c* 

These, representing the indices of the distanceei 2& 

measured by the perpendiculars, will, of course, 

possess the same properties as the indices them- 

Mlves ; and by the application of the compasses 

from one part of the indices to the other, we attain 

the «ame results as tf we operated by arithmetical |f 

c#wlation. Thus, if it be required to multiply 16 

by 4; with a pair of compasses take the distance 

firom to 8-^the index corresponding to 4 ; set one if 

foot of the compasses on 4— the index of 1$— the t_f_( 

other poiofc will reach forwards to 6~-the mdex 1 8 S 4 ^ 
of 64, the product of the numbers 4 and 16* It is, however, evident that* 
as far as the solution of questions is concerned, the perpendiculars are of 
uo importance, the e^ptcU distances and the increating numbers being aU 
that are required. 14 then, we affix the progressive numbers, or loga* 
xithms, answering to the indices at the places where, in a scale of equal 
parts, the indices themselves would be placed; such logarithms may bo 
applied to the usual purposes to which logarithms are adapted.^£«ntftA'f 
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In modem 8liding«-Tale8 there are usually two or mote 
of these lines exactly alike, which affords the facility of 
working two questions, or double proportion, at the same 
time. In the annexed engraving there are three such 
lines. On some rules there is a double radius, marked 
with the same letter, but the modern rules haVe only a 
single radius^ as in the engraving. 

The line B is on a moveable slider, which is made to mil 
in a groove, within or under the line A. It contains the 
same scale (Ghinter*s line of logarithms) as the line A, 
and has always a counterpart, also marked with the letter 
" B," which being taken out of the groove in which it usually 
rests, and put into the same groove with its couiiterpart, 
the two brass ends of both being made to fit togethet, 
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Sadi vas the inyention of Mr. Oonter t but the use of compasses being 
Ibond both troublesome and tiable to error, Mr. Thomas fiyerard, fbrmerly 
an officer, and afterwards a collector of excise, in the year 1683, mads a 
rery considerable improvement in the application of the line of nomben. 
by ccmtrlying one line to slide by another in the same manner as the in- 
strament we are now speaking of, and which, on that account, is aome* 
timei called Everard's sliding-rule.— Jlfc»«'# and LeaSbetteft Gauging. 

In the original sliding-rule the line A contained a double radius, but Mr. 
Veto, some time a collector of excise, made an alteration in it, so that the 
whole length of the rule had but one radius, while two of the sliders 
were made to fit in and work together as a double radius.— ZeotibeMr'f 
Oauger, Several other alterations hare been subsequently made in the 
sliding-rule, but the principles upon which such alterations have pro* 
eeeded are the same as the original invention. 

To conttruct ihe Une qf num5er«.— Let a diagonal-line or rule, (equal to 
the whole distance of the intended radius,) upon which the Une of nom- 
ben is to be graduated, be divided into one thousand equal parts; then, 
with a pair of compasses, take ftx>m this line of equal parts the numbers 
expressing the logarithms (to the first three places of decimals, omitting 
the characteristic) of 101, 102, 103, 104, &c., progressively to 1000, and 
apply them successively from 1* (the beginning of the radius,) axMl wtf 
shall thereby make out all the divisions on the radius. 

But the most expeditious and exact method of forming a Sue of 
numbers is as follows :-^-<Open the sector until the distance of the two 
brass i^ns on the line of lines (marked *' L L") be equal to the length of the 
intended radius ; place 1 (the logarithm of which is 0) at the beginniilg of 
the4eft hand ; then as the space between 1 and 8 is to be divided into fifty 
parts, take from the sector (opened to the intended radius) the distances 
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they bec(»ne a double radius, numbered from tbe left to 
the righu By moTing this double radius in the groove, 
until it is properly adjusted, problems which formerly 
required the use of the compasses are solved by inspection. 

In the engraving, all die sliders have double radii, which 
was necessary in order to show the method of working ; 
but in the instrument itself, the sliders are only of the 
same length as the rule, for the convenience of the pocket. 

On each of the lines A and B, there are brass pins 
or marks agednst the divisors for squares snd circles, (see 
pa^s 32 and 57,) for facilitating the operations when the 
answer is required in gallons or bushels, &c. 

or numbers answering to (at leaat tbe tbree first places of decimals) the 
logaTiihms of 1'02, 1*04, 1*06, 1*08. See, to 9 ; then those distances being 
sttceeasiTely applied from 1 along the line, will mark out all the diTisiOBS 
between 1 and 2. For the next diyision between 2 and 3, which is diyided 
into twenty parts, take trom the sector the logarithms of 3-05, 2*1, 9*15, 
ta^ 8*2&» which apply succesaiyely along the Uzw to 8. By proceeding in 
this manner, the divisions between 3, 4, 5, ^ 7, 8, 9, and 10, may be easOy 
marked out. — Mo***» Gauging. 

The following table, extracted ham a table of logarithms, (the indlees 
and three last figures being omitted,} includes all the numbers which it will 
be necessary to take from the scale of equal parts for graduating the com- 
mon sliding-rule, however minutely it be divided. 
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Log. 
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Log. 
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00 


21 


322 


41 


612 


"eT 


785 


81 


908 


2 


30 


22 


342 


42 


623 


62 


792 


82 


914 


3 


47 


23 


362 


43 


633 


63 


799 


83 


919 
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60 


24 


380 


44 


643 


64 


806 


84 


924 


5 


70 


25 


398 


45 


653 


65 


813 


85 


929 
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78 


26 


415 


46 


663 


66 


819 


86 


934 


7 


84 


27 


431 


47 


672 


67 


826 


87 


939 


6 


90 


28 


447 


48 


681 


68 


832 


88 


944 


9 


95 


29 


462 


49 


690 


69 


839 


89 


949 


10 


000 


30 


477 


50 


700 


70 


845 


90 


954 


11 


041 


31 


491 


51 


707 


71 


851 


91 


959 


12 


079 


32 


505 


52 


716 


72 


857 


92 


964 


13 


114 


33 


518 


53 


724 


73 


863 


93 


968 


14 


146 


34 


531 


54 


732 


74 


869 


94 


973 


15 


176 


35 


544 


55 


740 


75 


875 


95 


978 


16 


204 


36 


556 


56 


748 


76 


881 


96 


982 


17 


230 


37 


568 


57 


756 


T7 


886 


97 


987 


18 


255 


88 


580 


58 


763 


78 


892 


98 


991 


19 


279 


39 


591 


59 


771 


79 


898 


99 


996 


20 


301 


40 


602 


60 


778 


80 


903 


100 0000 1 
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To ESTIMATE THE VALUE OP THE NtJMBERB.— *The 

numbers on Ghinter's line have no detenninate vahie of 
their own, but depend upon the value that is set upon the 
unit at the left hand of the line, which may either be oon- 
aldered as 1, 10, 100, 1000, &c. tf this first figure be called 
1, the following integral numbers will be 2, 3, &c. ; and 
should there be a second radius, the first integer will be 10, 
and the integral figures which follow will be 20, 30, &e., 
and the 10 at the right hand end will be 100. If the first 
or left hand unit be considered 10, the 2 will be 20, the 3, 
30) &c., and the first unit on the second radius will be 100, 
and the following figures will be 200, 300, 400, &e., and 
the 10 at the right hand wiU be 1000. And if the first 
ov left hand unit be called 100, the first unit on the second 
radius will be 1000, and the following figures 2000, 3000, 
4000, &c., and the 10 at the right hand, 10,000. 

The values of the integral divisions being thus estimated, 
those of the intermediate divisions may be easily known.* 
— — — ^— ~— — i- - I I I I ■■■■,.-■_ 

* From 1 to 2 the tenths are usually divided Into five parts, each part 
aootainlng two hundredths; therefore. 



HS^^^>^ { '] ) then the C -01 1 ^^^^^ 

the beginning 1 If larger divi- j '1 f ^Zr.iil, 

oftheSneiS "J 10 f iions wiU 1 1 ( ^^S"!L 

presents ( 100 ) represent ( 10 ) divisions 




From 3 to 5 the tenths are divided into two parts, each part eontainkig 
five hundredths ; therefore. 



^ -8 ) then the C -01 '^ ^^a tv^ 

If the figure 2 3 2 f larger divi- > -1 f JJf^? 

represents ) 20 ( sions will ) If diviSoM 

' 200 ) represent ( 10 ) <>i^"io*« 




From 5 to 10 the tenths are not divided ; the hundredths, therefore, most 
be guessed at And 

If the m .K w the tenths 





re&ts i A C will represent 

The int^pral numbers, or principal divisions, in the second radius being 
ten times the value of those in the first, its sub-division will be in the same 
proportion, or ten times the value of the sub-divisions of the former. 
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To 7IKD THE PEODUCT OF TWO OIYEN KUUBEES. 

Set 1 on B to either of the numbera on A, then against 
the other number on B is the required product on A.* 

To FIND THE QUOTIENT OF TWO OIVSN NUMBEE8. 

Set 1 on B to the divisor on A, then against the 
dividend on A is the quotient on B.f 



* BXAMFLBI IN KT7LT1PLI0ATI0M. 

(1.) Beqnired the product of 8 x 8. 

Set 1 on B oppoeite 8 on A, then against 8 on B will be found S4 on A. 
Or set 1 on B opposite SonA; then againstS on B will be found 94 on A. 

If, when 1 on B is set to either of the fkctors on A, the other fketor ean- 
not be expressed on B according to the true numeration of the rule, or 
being found, it falls beyond the line A, the second factor .maj be divided 
by 10, 100, or 1000, until the quotient can be found opposite to some 
division (or product) on A ; and alter the product has been obtained, it 
must be multiplied by the same power as the given &ctor was divided by, 
for the proper answer. 

(2.) Find the product of 190 by 9S. 

Set 1 on B to 190 on A, (taking the unit at A as 100,) and looking oppo- 
site one«tenth of 95, namely, 0*5, on B, we have 1140 on A, which, being 
multiplied by 10, gives 11400, the product required. 

VThiea the product conStsts of more than three or four figures, it is dtA- 
eolt to value the figures on the rule ; but it wiU be easy to bear one or two of 
them in memory. Thus, if it were required to multiply 56 by 38, the produet 
will be 2128 ; for the last figure is known to be an 8 by multiplying 6 by 8 
mentally; and it is evident, from the rule, that the product is more than 
2118» and less than 213S.—Nithei and Little** Gauging. 

VHien there are two or more modes of performing the same operation, 
either in multiplication or in any other calculation, and two or more 
numbers are given or required which can be exaeUif expressed on the 
sliding-rule, while there is another number which can only be etiimated; 
that mode of operation should be adopted which will place an exact value 
opposite an ettimated one, and tdce verta.—'H^ooUgair, 

t BXAMPLSS IN DIVISION. 

(3.) Divide 75 by 5. 

Bet 1 on B to 5 on A, then against 75 on A is the quotient. 15, on B. 

If the dividend cannot be properly expressed on B, it may be divided by 
some power of 10, so as to bring it within the rule ; and the quotient, when 
found, multiplied by the same power. (See Multiplication, mpra,) 

(4.) What is the quotent of 385 divided by 7 ? 

To 7 on A set 1 on B, and opposite 38*5 (the tenth of 385) on A, are 5*5 on 
B, which, being multiplied by 10, gives 55, the quotient sought. 

A vulgar fhustion may be reduced to a decimal by this rule, the denomi- 
nator being considered as the divisor, and the numerator as the dividend. 
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To PSRFORH THE RULE OE THREE* — As the first 

term tq)on A is to die Mcond tenn upon B; so is tiie 
third term upoB A to the fourth term upon B.* 

To FIND THE AREAS OF SaUARES, CIRCLES, &C. ^As 

the proper square or circular divisor on A is to a side, 
or diameter, on B, so is the (other) side, oi diameter, on 
A to the area ob B, in terms of the diyisor employed. 'f 

* BXAMPLBS IN THB BQLB OF THKBB. 

(5.} If three bushels of malt cost I2«., what will niae bushels cost at tbe 
same rate ? (See page 10.) 

Set 3 upon A against 12 upon B, then against 9 upon A. we And oa B 36. 
the number of shillings that nine bushels wiU cost. 

The same result will be obtained if the lines be transposed, thus^ 
On B on A on B on A. 

As 3 : 12 :: 9 :: 36 

(6.) What is a fourth proportional to the numbera 12, 24, 367 Ans. 72. 

The method of finding a third proportional is exactly the same, the 
second number being repeated twice. Thus, if a third proportional be 
required to 80 and 60, it will be— as 80 on A : 60 on B :: 60 on A : 45 on B. 

Factors for bushels, &c., may be found by the Rule of Three on the 
sUding-rule. as follows : — 

On A onB on A onB. 

As the dirisor is to 1, so is 1 to the factor required. 

By this rule, also, spirit-stocks may be taken and the charges estimated, 
and spirits may be reduced, averaged, &c., as shewn (by the pen) in page 
41, &c., thus, 

(7.) Reduce forty gallons of spirits at 30 per cent, over proof, and at SO 
per cent, under proof, respectively, to proof. 

On A onB ^^ ^ ^"^ ^• 

A.I09(proof) : 40 (quantity) :: {^^^jfe-t.^} ] g' ^^^^f.)''^ 

(8.) Reduce seventy gallons at proof to 30 per cent, over proof, and also 

to 30 per cent, under proofs 

On A on B ■ on A oq B. 

As 130 c (strength > . c 70 > /„„.„«t^. i . . c 100 (given > 53-8galls. 30 o. p. 
As 70 1 required) J ' 1 70 i (q«a»i"*y) j • • I lOO strength) S lOOgalU. 30 u. p. 

t EXAMPLES OF THB A&EA.8 OF SUPBBFICIBS. 

(9.) What is the area, in gallons and bushels, of a square, the side being 
40 inches 1 

On A onB on A onB. 

As 877-274 (marked O) : 40 :: 40 : 5*77 Area in gallons. 
As 22i&' 192 (marked MB) : 40 :: 40 : -72 Area in bushels. 
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2. Of the Lines C and D. 

The line D is also a Gunter's line, constructed in the 
same manner as the lines A and B, only it has double the 
power ;* the distance between 1 and 10 being twice as long, 
and the other divisions in proportion. On the excise 
officers' sliding-rule this line is usually divided into 
two ; one half being above the slider, and numbered from 
left to right, with the figures 1, 11.12,13.14,15,18,17.18,19. 
2, 1, 2, 3, 4, 5. 6, 7, 8. 9. 3, 81, 32 ; and the other half continued 
under the slider, namely — 32, 4, 5, 6, 7, 8, 9, 10; at 
which point it terminates opposite 3*162, (the square-root 
of 10,) on the upper part. 

(10.) What is the area in gallons of a circle, the diameter of which is 21*5 
inches? (See page 120.) 

On A on B on A on B. 

As SfVS : 21*5 :: 21*5 : 1*309 Area in gallons. 

(11.) What is the area in bushels of malt, and in x)ounds'Weight of hot 
hard soap of a rectangular figure, the length being 45 inches, and the 
breadth 15 Inches 7 

On A on B on A on B. 

A« 2218*192 : 45 :: 15 : '304 Area in bushels. 

As 28 : 45 :: 15 : 2410 Area in lbs. weight. 

Th6 area of an dlipsis may be found by the same rule ; and by a double 
operation the contents of rectangular solids, cylinders, &c., may be ob- 
tained. Thus : — Find tlie area of the base as above directed, then say, as 1 
on A is to the area on B, so is the depth on A to tlie content on B. But 
questions of this kind can be better performed by the gauge-points on the 
lines C and D. (See also the line M D, injra.) 

* Another of the principles of a logarithmic series (see page 162) is, that 
if any one of the indices be mudtipUed by another, denoting any power or 
multiple of the other, the product will be the index of th&t power; and if 
the index of any number be divided by the index of any roott the quotient 
wiU be the index of that root. Thus, to find the square of 8 ; its index is 3, 
whick doubled becomes 6, the index of 64, tlie square of 8, as required. 
And so, to find the tqttare-root of IS ; its index is 4, the half of which, 2, is 
the indffii <^ 4, the square-root of 16ir as reqsxred. Whence it follows, that 
the multipKcation of logarithms answers to the involution of common 
numbers, and division to evolution. This will appear if, from the loga- 
rithmic line in page 163, we take half the distance from to the index of anj 
given number, (say 6, the index of 64,) we shall find that such half- 
distance reaches to the index (3) of 8. the square-root of such given numbe^ 
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Operations on this line are performed by means of two 
sliders, marked "C," which are exactly the same as those 
marked " B," and are differently named only for the sake 
of distinction. The line B may, indeed, be nsed instead of 
the line C, when the former is found more convenient. 

To estimate the value of the numbers. — The 
value of the numbers on the lines C and D, are estimated 
in the same manner as those on tlie lines A and B; 
but as the sub-divisions on D are more minute than those 
on A, B, and C, there being more room on the line for 
graduating them, they must be estimated accordingly. 

To SQUARE ANY GIVEN NUMBER. Set 1 On C tO 1 On 

D, then against the proposed number on D is its square 
on C. 

To EXTRACT THE SQUARE-ROOT. Set 1 OU C tO 1 OR 

D, then against any proposed number on C is its squaie- 
root on D.* 



(8 being the square-root of 64); and this would appear BtQl 'plainer if 
another line of logarithmic distances were laid down, on which the 
distances of the latter were twice the distances of the former. 

If, then, instead of the perpendiculars, we affix on two scales the pro- 
gressive numbers, or logarithms, answering to the indices at the respective 
places where the indices themselves would be placed, we have a table of 
squares and roots ; and by making one of such squares moveable, we are 
enabled to work upon them questions which would otherwise require the 
tedious and difficult operation of involution. Such are the lines C and D, 
the line D being constructed in the same manner as the line C, with this 
difference only, that D has twice the power ot C, and is more minutely gra- 
duated in its sub-divisions. 

* When the lines C and D are thus set (1 to 1), the line C forms a series 
of squares of the line D, and the line D forms a series of square-roots of 
the line C. Thus, against S on D is 9 (its square) on C ; and conversely, 
against 9 on C is 3 (its square-root) on D, &c. In estimating the numbers, 
it inust be observed that if the 10 upon D be called 1, the 1 on C wiU be 
10; if the 10 on D be called 10, the 1 on G will be called 100 ; if the 1 on D 
be called 100, the 1 on C will be 1000, &e. If the square contains an odd 
number of integers, the root will be found opposite on the first radius on 
C ; but if the square consists of an even number of places, the root wiU 
faU against the second radius. 
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To FIND A MEAN-PROPORTIONAL BETWEEN TWO 
GIYEN NUMBERS, OR TO EXTRACT THE SQUARE-ROOT 
OF THE PRODUCT OF TWO GIVEN NUMBERS. Set CD* 

of the given numbers on C to the like number on D, 
then against the other given number on C is the mean- 
proportional on D.* 

To FIND A NUMBER WHICH SHALL HAVE TO A GIVEN 
ONE THE SAME RATIO WHICH THE SQUARES OF TWO 
GIVEN NUMBERS HAVE TO ONE ANOTHER. Set the firSt 

term of the ratio on D to the given number on C, then 
opposite to the other term of the ratio on D stands the 
answer on C.f 

To FIND A NUMBER WHICH SHALL BE TO A GIVEN ONE 
AS THE SQUARE-ROOTS OF TWO GIVEN NUMBERS. Set 

the first term on C to the given number on D, then against 
the other term on C stands the answer on D. j; 

* BXA.UPLBS OT XBAN-PBOPOATIONALS. 

(1. ) What are the mean-proportionals between 4 and 9 ; between 20 and 
SO ; between 81 and 25» and between 3'4 and 12*9, respectiTely. 

On C on D on C on D. 



R«t ) 20 f Xrt ) 20 f x,,_ ^^.:„,* ) 30 f is the 3 24-49 
^Msi C J8i Mben against ^ 25 f answer -J 45 
i 3'i } i 3-4 ) ( 12-9 ) ( 6fi2 

This rule is of extensiye application in gauging, and ought to be well 

undentood by the practical officer. (See page 19.) 



t BXAKPLB O? PB0POBTIONAL8 TO 8QUABB8. 

(2.) Required the number which wiU be to 12 as the square of 9 is to 
that of 3. 

On D on C on D on C. 

As 3 : 12 :: 9 108 Ans. 

t BXAMPLB OF PBOPOBTIONALS TO BOOTS. 

(3.) To what number will 3 haye the same ratio, with the square-root of 
108 to that of 487 

On D on C on C on D. 

As 3 108 : 48 : 2 

Q 2 
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To CUBE A GIVEN NUMBER. — Set 1 OH D to the root 
or given number on C, then against the root on D is the 
cube on C* 

To EXTRACT THE CUBE-ROOT OF A GIVEN NUMBER. 

Move the slider either way, until 1 at the beginning of the 
line D, 10 at the end of the line D, and the given num- 
ber on C, cut the same number on the opposite liijies, and 
that number will be the root required. -f- 

3. Of Gauge'PoinU.X 
Gauge-points, are the square-roots of divisors, adapted 
to particular operations, and known by certain marks or 
points upon the sliding-rule. Thus, on the line D, at the 

* BZAHFUe OF A OUBB. 

(4.)What is the cube of 47 

Set 1 on D to 4 on C ; then against 4 on D is 64 on C. 

t BXA.MPLB OP THB OUBB-BOOT. 

(5.) What is the cnbe-root of 8? 

Find 8 on the line C, then move the slider until 1 on D, 8 on C, and 10 on 
D, cut the same number on the opposite line, which will be found to be 2, 
the cube-root required. 

In ''Leadbetler's Gauging," page 45, it is stated that the hint for this 
operation was given by Mr. Clarke Eades, of Petersfield. 

If the sliding-rule contained a radius of treble power, such radius would 
be the cube of C, without moving the slider. 

t Divisors and multipliers, when marked on the sUding-role, are some- 
times called gauge-points, but in irorkB on gauging, the term is usually 
confined to square-roots. 

It has been seen that if the roots of two given numbers are known, we 
can find a number by m^ws of the lines G and D, which will be to another 
given number in the same ratio as the two roots are to each other. 
Hence, if we can ascertain the square-root of the area of a square or 
circle containing exactly one gallon, or one bushel, &c., and also the 
square-root of the area of a square or circle of any other determinate sise, 
we can, by this means of working, find the proportion or number of gallons 
which the second square-root bears to the first ; or, in other words, we can 
thus find the area or content of any square or circle which can be compared 
with a square or circle whose area is one gMlon, one bushel, &c. Now, the 
side of every square is the square-root of its area (see page 8D) ; henee^ 
if we extract the square-root of 277*274, the number of inches in a gallon, 
we obtain the side of a square, or the squaie-root of a square, whose aiea 
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number 47*10, is a brass pin, with the mark ^*M S/' which 
is the square gauge-point for bushels, being, in fact, the 
square-root, or side of a square, whose area is exactly one 
bushel. At 53*14, on the same line, is another brass pin, 
with the mark " M R," which is the iround or circular gauge- 
points for bushels. And at 18*79, on the same line, is 
another brass pin, with the mark " G," or " I M G," 



is exactly one gallon ; and so, if we extract the square-root of 2218*192* 
the number of inches in a bushel, we obtain the side of a square, or th« 
square-root of a square, whose area is exactly one bushel. Again, the 
diameter of every circle is the square-root of the circular divisor (8«e 
I>age 57); hence, if we extract the square-root of 353-036, (which is equal 
to 277*274 -j- -7854, (see page 91,) we obtain the diameter of a circle whose 
area is exactly one gallon; and so, if we extract the square-root of 
2824-2829 (= 2218- 192 -=- -7854,) we obtain the diameter of a circle whose 
area is exactly one bushel. The square-roots thus obtained are called 
** gauge-points," and being distinguished by a particular mark, are used as 
the first term, or ratio, in working problems similar to those in page 171. 

The principal gauge-points used in excise calculations, and the square- 
divisors firom which they are calculated, are given below ; and others may be 
found and made when required by the foregoing process, it being recollected 
that when used on the line D» they are merely the square-roats of divisors 
which, in the ordinary method of calculations, it would be necessary to 
use for reducing from one denomination to another. 

GArOB-POINTS. 



Square 
divisors. 


For finding 


For squares, 
rectangles, &c. 


For circles, 

cylinders, &c., 

see the divisors, 

page 91. 


For conical 
vessels. 


For spheres, &c. 

see the divisors, 

page 137. 


For prismoids 

and vessels 

when the middle 

area is taken. 


1 
1728 
277-274 
2218493 

28-00 

27-14 

25-00 

24-33 

8-64 

11-303 


Inches 


1- 

41-569 
166516 
47-0977 

5-291 

5-2096 

5- 

4-922 

2-939 

3-361 


1-12838 
46-905 
18-7893 
53-1441 

5-9708 

5-878 

5-6418 

5-5543 

3-316 

3-793 


1-59441 

32-5441 
93-0490 


23-0 
65-1 


Square. 
1- 

40-7878 
115-3653 


Circular 


2-764 

46024 
130 176 


Solid feet 

Gallons 

Bushels 

lbs. wt. of hot ^ 

hard soap.. 5 
Ditto cold ditto. 
Ditto hot sili- y 

cated ditto . 3 
Ditto cold ditto. 
Pounds of flint > 

glass 3 

Do. plate glass . 



q3 
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which is the circular gaage-point for gallons. These latter 
gauge-points are the diameters of a circle whose area is 
exactly one bushel, and one gallon, respectively. 

On some sliding-rules there are other gauge-points^ 
adapted to the particulaf business in which they are used. 

To FIND THE AREA OR CONTENT WHEN NOT MORE THAN 

TWO DIMENSIONS ARE GivENw — Set the gauge-poiut on D 
to the depth or height on C, then against the side or dia- 
meter (or the mean-^proportinal, if two dimensions are 
given) on D is the area, or content, on C* 



Should a new gauge-point be required by reason of the given one falling 
off tiie rule, or otherwise, such new gauge-point may be found as follows : — 

Set 1 on G to the gauge-point on D, and against the other 1 on C is the 
new gauge-point on D. 

Gauge-points are applicable to regular polygons, as foUowd: — ^Divide 
277*274 (or other square divisor) by the proper tabular multiplier, (see page 
152} and extract the square-root of the quotient. 

* BXAMFiBS WHBBB TWO DIKBKSIOKS ABB GIYBff. 

(1.) Required the area in bushels of a square one inch deep, the side 
being 40 inches. (See page 117.) * 

OnD onC onD onC. 

As the gauge-point (M S) : 1 :: 40 : '721 Theare«< 

When the rule is set in this way it is a table of areas ; for against any 
side of a square on D is the area on G. 

(8.) What is the area in gallens of a circle, the diameter being 210 
inches? (See page 120.) 

On D on d on D on C. 

As the gauge-point (O) : 1 :: 21*5 : 1*3 AreaingiOlons. 

(3.) What is the content, in gallons and bushels, of a cube, the side of 

whose square is 40 inches 7 (See page 1 17.) 

On D ^n «« T* on G. 

A. C 16-65 1 . **V^ .. ^^^ . C 230-8 ffaDons. 

^{47-W(MS)J : 40 :: 40 : ( 28-85 bushels. 

(4.) What is th« content, in gallons and bushels, of a cylinder, whose 

diameter is 38 inches, and depth 60 inches 7 (See page 121.) 

On D -„ p «« Tfc on C. 

. c 18-7 (G) X . **S) .. ?« . f 245-4 salloiig. 
^158-14 (MR) 5 : 60 .: 38 . | 30-6 bushels. 

(5.) Required the content in gallons of a sphere whose diameter is 20 
inches 7 (See pagfe 1370 

OnD onG onD onC. 

As 33 (gauge-point) t 20 :: 20 : 15*1 gallons, content. 
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To FIND THE CONTENT WHEN MORE THAN THREE DI- 
MENSIONS ARE GIVEN. — Set the gauge-point for prismoids 
on D to the length on C, then opposite to the sides or 
diameters at the ends, and to twice that in the middle, on 
D, will he found three numhets on C, which, added 
together, will give the content.* 

BXAMPLB WHBBB THBBB DIMENSIONS ABB OITBN. 

(6.) Required the content in gallons, boshels, and pounds welglit of hot 
hard soap, of a rectangle, or parallelopipedon, whose length is 45 inobet, 
breadth 15 inches, and depth 30 inches 7 

Find a mean-proportional (seepage 171) between the length and breadth, 
thus: 

On C on D on C on D. 

As 15 15 45 : 86 Mean-proportionaL 

On D on C. 

( 16-65 ) on C on D ( 73-14 gallons. 

Then, As ^ 4710 (M 8} > : 30 :: 86 : } 91-4 bushels. 

(5*29 ) (724-88 lbs. wt. of soap. 

The area maj be found in a similar manner, the depth being reckoned 
one inch ; but this is more readily performed by the Uues A and B. (See 
page 168.) 

The content of rectangular vessels may be found in bushels at one opera* 
tion by the line M D, infra; (and see page 176 as to Mr. Outteridge's 
proposed new line of moveable gauge-points.) 

* EXAMPLES WHEN MOBB THAN THBBE DIMBKSI0N8 ABB QIVBN. 

(7.) What is the content in gallons of the frustum of a cone, the depth 

being 100 inches, and the diameters of the bases 18 and 18, respectively f 

on D on C. 

OnD onC 

As 4608 (gauge-point, see page 173) 100 



(18) (15-S 

^18V : ^6-8 
(30) (42-5 



Content in gallons 64*6 

(8.) What is the content in gallons of the firustum of a rectangular 
pyramid, the depth being 100 inches, the sides of the upper base 18 and 8 
inches, and the sides of the lower base 87 and 18 inches, respectively-} 

on D on C. 

On D on C C ^8 ) ( 1**47 

As 40 79 (see page 173) : 100 :t ^ 12 V : } 8-65 



Content in gallons 8881 

This nile, which, as well as the examples, is talcen from Ingram'i Mathe- 
nkdicit page 289, &c., is founded upon the calculations for finding the con<« 
tents of prismoids in page 134. It is applicable to almost every description 
of solids where a middle diameter can be obtained, and is the most correct 
method of finding the content of a cask. (See ** Cask-Gauging," if^a.) 
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4. Of the line M D. 

The line MD,* signifying "malt depth," is a similar 
line to A, B, and C, with this difierence only, that it is a 
broken line of two radii ; and the figures and sub- divisions 
stand in an inverted order, beginning at 2218*192, the 
number of inches in a bushel, numbered from the right 
hand to the left, ending at 2218*192, where it began. 

This line is placed under one of the lines marked A, 
(but separated from it by means of the groove, which 
allows the sliders to pass through,) and so arranged, that 



* I cannot ascertain who was the first to adopt this ingenious contrivance 
to the sliding-rule, but it seems to have been suggested by the remarkable 
proportions which two equal logarithmic lines bear to each other when 
one is inverted, or running in a direction contrary to the other. The 
nature of these proportions will be seen if we place the slider B in the 
groove under the line A, in an inverted position. In this position we can 
xmiltiply any two numbers together by setting one of the factors on B to 
the other on A, the product will then bo found on B, opposite I on A ; we 
can also divide two numbers by placing the dividend on B against 1 on A, 
the quotient will then be found on either line opposite the divisor on the 
other. So to square any number, we have only to place it on B against 
the same number on A, and the square will be found on B against 1 on A ; 
and so, also, if we set any number on B against L on A, the square-root of 
such number will be found where the numbers on the two scales coincide, 
that is, when some number on B stands against' the same number on A. 
The line M D is founded upon these properties. The square-divisor for 
bushels is adopted for the commencement of an inverted line of numbers 
of the same power as the line A, and this divisor being exactly under unity 
on the line A, which stands above the slider, while the line M D is placed 
under it, the three lines can be used at one operation. Mr. Moss observes, 
that " the same examples may be performed with more ease to the learner 
by the lines A and B (see page 169), or with the lines G and D, after finding 
a mean-proportional between the length and breadth." (See page 174.) 
The experienced gauger, we believe, always prefers the use of the line 
M D, and if he checks his operations by Mr. Todd's excellent table of 
semi-squares, (see page 150,) he will generally arrive at a correct result 

Mr. Gutteridgc remarks, that " it is not a little strange that this most 
admirable method of gauging an unequal sided floor of malt, without 
any other trouble than one mere touch of the slide, should not have been 
made for, and adopted, in gauging of every other species of measure ; par- 
ticularly as the tabulating of brewer's and other utensils is so very 
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the 1, or lOy on this line MD, is placed directly opposite 
to B, or M By on the line A: and if this 1, or 10, be called 
1000, the last division, at the left end of the rule, will 
denote, 2218*192, the cubic inches in a bushel; but if 10 
be called 1, the last divison at this end will be 2'218 the 
same as the first division at the right hand end of the rule. 
This line is used with tbe line A, and the slides B or C, 
for folding the content of rectangular and similar jQgures in 
bushels at one operation. 



tedious. Yet/* he adds, "so tedious is the application of the sliding- 
mle, eren in the hands of the most expert, that, what with finding a mean, 
then setthig to the gauge-point, then considering if the numbers be eTen 
or odd, in reference to the radius out of which the result is to be taken, 
&;c., the sliding-rule is perfectly useless in such case ; the operation, eren 
by the old tedious methods by the pen, beiag far preferable." To remedy 
this inconvenience, he proposed that the line M D sheuld be moTeable, 
and that, on its reTerae side, a similar line should be graduated for ale 
gallons. He also suggested that a double radius of inverted logarithms, 
opening and closmg with a hinge, should be substituted, when necessary, 
for the line M D, the respective gauge-pouits on which (being in this case 
divisors) should be brought forward when wanted, and placed even with 
10 on the right hand of A ; and when so placed, the rule-line could be 
used in conjunction with the line B, for any measure whatever, so as to 
obtain the content at one operation in the same manner as the line M D 
is used for bushels. Tliese suggestions do not appear to have been acted 
upon to any extent, and we apprehend the practical officers would have a 
decided objection to the line M D being moveable, for fear of mistakes ; 
but we consider that an additional line of numbers, with a line of inverted 
logarithms, extending beyond a single radius, so as to serve for measures 
of every description, would be a decided improvement. 

An ingenious device, in connexion with the line M D, was adopted some 
time ago by Mr. Morrison, supervisor of excise. This line, as well as the 
lines A and B, was graduated in a circle, so as to fit on the top of the box 
in which the measuring-tape is usually coiled up ; and the line B was 
made to revolve instead of sliding backwards and forwards; By this 
method malt areas could be worked as soon as the dimensions were 
taken. (See the Engraving.) 

Officers of the revenue desirous of providing themselves with sliding- 
rules constructed with Mr. Outteridge's additional line, or Mr. Morri- 
son's revolving line, or Mr. Woollgar's line X, (tn/ra), may obtain the 
same, as well as gauging-instruments of every other description, of the 
publisher, Ms. Coos, qftht Store Office, ai the Chi^ Office qfEscue, London, 
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To FIND THE AREA OF A RECTANGULAR FIGURE. 

Set the length on B to the breadth on M D, then opposite 
to 1 on M D is the area on B.* 

To FIND THE CONTENT OF RECTANGULAR VESSELS IN 

BUSHELS, AT ONE OPERATION. — Set the length on B 
to the breadth on MD, then agdnst the depth on A 
will be the content on B.-j* 

* DBMON8TB.ATIOH. 

The measure of the breadth being b, and that of its length l, the mea- 
rare of the rectangle is & x /; hence, 9= & x /, or L : 9= L : 6 + L : I. Now, 
when 6 on B is set to { on M D, then 1 on M D is against a number on B, 
^diich is distant from h towards the right hand by the space 1, 1; so that 
1 on M D is against a number on B, which is distant from 1 by the sum of 
the spaces 1 b and 1 /; but those spaces are logarithms of their numbers, 
'Whence the distance of the number on B opposite 1 on M D is expressed 
hj h : b -{- Jj : Ct and therefore the number itself is J x 6 or 9. Q. E. O. — 
Skirtlife's Gauging, 52. 

BXAMPLBS OP BBCTANOULAK ABBAS. 

(1.) Let a rectangular figure be 50 inches in length and 30 in breadth ; 
required its area 1 

OnMD onB on M D on B. 

As 70 : 30 :: 1 : 1500 Area in inches. 
If the area be required in bushels, either of the dimensions on M D may 
be placed opposite the other on B, then against 1 on A, (or the commence- 
ment of the broken line M D,) is the area on B. Thus, in the foregoing 
example 

OnB onMD on A onMD. 

As 50 : 30 :: 1 : *677 Area in bushels. 

t DBHONSTBATIOK. 

The length being Z, breadth 6, height A, and the area of the base q=zly,h, 
the content is g X A -^ 2218*192 ; but by the last proposition q is against 1 
an M D, therefore, by the rule of proportion (see page 168), if 2218-192 on Abe 
set to 9 on B, then against AonAisAx^-f- 2218*192 on B. But 2218*192 on 
A is opposite 1 on M D, and 1 on M D has been already shown to be against 
9 on B; therefore, 2218*192 on A is against q on B, whence, against A on A 
is the content on B, namely, A X 9 -7- 2IXi%-Wi,--ShiriUffe't Gauging. 

BXAMPLB FOB FINDING THB CONTBNT IN BUSHBLS. 

(8.) What is the content of a couch, cistem, or floor of malt, the length 
being 45 inches, breadth 15 inches, and depth 12 inches 7 

On B on M D on A on B. 

As 45 (length) : 15 (breadth) : 12 (depth) : 3-65 (content in bushels.) 



CHA.P. III.] 



GAUGING. 



179 



5. Of the line X. 

The line X is a line of special gauge-points, applicable 
to tlie gauging of casks. It has been recently invented 
by Mr. WooUgar, of Lewes, and is graduated in the 
annexed engraving at the right hand of the groove, under 
the first slider, as will be seen by lifting up the slit part of 
that slider near the middle 1 or 10. It is used in conjunc- 
tion with the lines A, B, C, and D.* 

To FIND THE CONTENT OF A CASK. — Set the head- 
diameter on A against the bung-diameter on B ; and the 
slider B being thus drawn out a little to the left, the right 
hand end of it at 1 (a single radius only being used) wiU 
cut the line X in the groove at a special gauge-point, 
which must be reserved ; then set this special gauge- 
point on D against the length on C, and opposite the 
bung-diameter on D will be the content in gallons on C.f 



* In a communication to the Mechanic's Magcurine, No. 849, Mr. WooUgar 
pointed out the mode in which this new line might be applied to the 
general rule for cask-gauging, to which Dr. Hutton assigns the highest 
rank for accuracy and facility, and which, as applicable to imperial 
measure, and dimension taken in inches, may be expressed thus : o = 
•000031473 L (39 B« 4- 25 H> -f 26 B h). The Ime X. which for this purpose 
it is necessary to lay down in the groove of the rule, is, in fact, a line of 
special gauge-points, applicable to the different proportions between the 
head and bung-diameters. 

Mr. WooUgar has favoured us, for the exclusive use of the excise depart- 
ment, with a graduation of this line, adapted to that curvature of casks 
commonly known as the 2nd variety, and the foUowing table of logarithms, 
on which the graduation is made from a scale of equal parts, whereof 
10000 is equal to the radius of the line A. 



21-5 -7759 


20-8 -8428 


201 -9023 


19-4 


•9563 


•4 -7860 


•7 -8517 


200 -9103 


•3 


•9636 


•3 -7959 


•6 -8605 


19*9 -9182 


•2 


•9709 


•2 -8056 


•5 -8691 


•8 -9260 


•1 


•9781 


•1 -8151 


•4 -8776 


•7 -9338 


190 


•9852 


210 -8245 


•3 -8860 


•6 -9414 


18-79 


•0000 


20-9 -8337 


•2 -8942 


•5 -9489 







■i- EXAUFLB OF ▲ CASK. 

(1.) Let the length of a cask be 40 inches, its buag-diameter 32, and its 
head-diameter 84 inches ; required its content. 
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6. Of the Vanety-Lmes, 

The lines marked "Sphd.," for spheroids^ and **2 var." 
for second variety, are respectively divided into certain equal 
distances, Md down against a line of inches and tenths, for 
finding the mean-diameters of casks of what are called the 
first and second varieties, for the purpose &f reducing them 
to cylinders, the more easily to calculate their contents.* 

7. Of the Ullage-Lines. 

The ullage-lines are two lines marked "Seg. St." ar 
"S. S.," signifying segment standing; and " Seg. Ly." or 
" S . L . , " signifying segment lying. The line S . S . , is num- 
bered from the left to the right with 1, 2, 3, 4, 5, 6, 7, 8, 
and continued on another line with 9, 10, 20, 30, &c., to 
100, and being placed on the rule so as to work with the 
slider B, or C, is used for finding the ullage of a standing 
cask, or the quantity of liquor it contains when it is not 
full. 

The line S. L. is numbered in a manner nearly similar, 
and used for uUaging lying casks. f 



Set 24 on A against 32 on B, and at the end of the radias the slider will 
ut the line X at 20*4. 

OnD onC onD onC. 

Then, as 20-4 : 40 :: 32 :: 98'1 Content in gaUona. 
( See " Cask-Gauging," ir^ra.) 

• These lines fire not much used at present. Mr. Shirtliffe observes, that 
* as the calculation is so easily made without a mean-diameter, it is not 
worth spending any time on their explanation.*' 

t Mr. Shirtliffe, m his " Gauging," (1740,) stated that he could not as- 
certain by whom these ullaging-lines were first introduced into gauging, 
nor the manner in which they were laid down. The following directions 
for graduating such lines are firom Mom's Gauging^ pages 94, 95 : — " Take 
a cask whose content is 100 gallons, and the nearest in form to those 
which firequently occur in practice ; then suppose the bung-diameter, or 
length, (according to the position of the cask,) divided into 100 equal parts, 
which i^iust be laid down on a moveable slide in a logarithmic manner, by 
the method already described (see page 164). Draw out, and carefully 
measure, successively, the quantities contained in the first, second, third. 
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To ULLAGE A CASK. — Set the length, or bung-diameter, 
on B, or C, to 100 on A, and against the wet inches on B, 
or C, is a number upon S. S. or S. L. (according as the 
cask is standing or lying) to be reserved ; then set 100 
on B to this reserved number on A, and opposite to the 
content on B will be found the ullage on A.* 



fourtli, and fifth, &c., of those equal divisions of the bung-diameter (or 
len^h) ; then place the quantity contained in the first, in the first two, 
first three, first four, &c., of those equal divisions exactly against the 
nnmbers 1, 2, 3, 4, &c., respectively on the slide, and so, by proceeding in 
this manner, we shall obtain the true quantity in such cask to every hun- 
dredth-part of its bung-diameter, or length. And if either of these were 
supposed to be divided into any other number of equal parts (besides 100), 
and the quantities contained in the first, first two, first three, &c., of those 
equal parts be placed e^^actly opposite the numbers 1, 8, 3. &;c., respec- 
tively, on the slide, we should thereby obtain a table of segments for a 
standing or lying cask similar to the former. 'Whence, the reason of 
fiT»*^i»?g what is called the segment is very evident, for it is only con- 
ceiving the bung-diameter (or length) of that Ciask, from which the lines 
of segments were supposed to be constructed, to be divided into as many 
equal parts as there are inches. See, in the b^ng-diameter (or length) of 
the cask whose ullage we are then seelpug, and placing the number against 
100 on the segments, then opposite any proposed number of wet inches, 
&c., (or equal parts of the bung-diameter, or length,) we shall have the 
segment sought." 

On some rules the slider used with the segment-lines is marked "N." 

* EXAMPLES IN ULLAGIKO. 

(1.) Suppose the length of a standing cask to be 40 inches, the wet inches 
1-0, and the content 92 gallons ; what is the ullage, or coi^tent of the wet 
inches f 



On B on A or S S 


onB 


on S.S. 


As 40 : 100 :: 


10 


: 23 (to be reserved.) 


OnB on A 


onB 


on A. 


fUlOO : 23 :: 


92 


21 '2 gallons, the ullage. 



Then, 

(2.) Suppose the bung-diameter of a lying cask to be 33 inches, the wet 
inches 22, and the content 120 galloi^? ; what is the ullage ? 
On 6 on A or S L on B on S l<. 
As 33 : 100 :: 22 : 72-4 
On B on A on B on A. 

Then, Afl IPO ; 72*4 : : 120 : 87 gallons, the ullage. 
The same rule will also give the content of the space taken up by the 
dry inches. 

B 
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Part II. Gauging Open Vessels. 

Open Vessels are such as can be measured at tlie 
inside ; and for the purposes of the present work may be 
considered to comprehend all utensils under the survey of 
the officers of excise, except casks. As most of these 
vessels are either in, or can be reduced to, the form of 
solids, rules for measuring which have been given in the 
foregoing chapter ; it will only be necessary, in this place, 
to give some hints for the proper application of such rules 
to the actual business of the excise officer. 

As an officer has frequently, in the course of his duty, 
to inspect the same utensil, he takes an opportunity (when 
it is empty if possible) of ascertaining the quantity it wiU 
hold when full, and also at every inch, and sometimes at 
every tenth of an inch of its depth, so as to enable him, on 
his periodical visits, to ascertain the quantity of materials 
which may be in the vessel by an easy method of compu- 
tation. The operations by which these particulars are 
obtained are called gauginffy tabulating y dind fixing. 

The dimensions of all vessels are taken in inches and 
tenths, and from thence reduced to the denomination in 
which the duty is charged, or the official account kept. 
The instruments employed in taking these dimensions are 
graduated scales of different kinds, called dimension -canes, 
measuring-rods, &c. In gauging large malt floors a gra- 
duated measuring tape is used ; and sometimes other instru- 
ments are employed, according to the nature of the business 
to be performed. 

^ Open vessels are either 1, Regularly- formed vessels ; 
2, Vessels whose forms are nearly regular ; 3, Irregularly 
formed vessels ; or 4, Stills, 
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1. Of Regularly Formed Vessels, 
Regularly formed vessels are such as have their di- 
mensions of a strictly geometrical construction. Among 
these may be reckoned Malt Couch Frames, Soap Frames, 
and a few other utensils belonging to Maltsters, Distillers, 

To GAUGE A MALT COUCU FRAME, SOAP FRAME, OR 

OTHER RECTANGULAR VESSEL*. — With a proper gauging- 



* BZAHPLB Oy A XALTSTBR'S OOUOH PRAMB. 

(1.) Suppose the dimensions of a maltster's 
couch-frame, taken according to the rule, to 
be as follows: length 45 inches, breadth 15 
inches, and depth 12 inches. The area, (see 
page 118,) is found as follows : — 

45 X 15 = 675 ^ 2218-198 = -304 bushels. 
Thus entered in the table-book : 

Mr. A. B.*s Malt Couch-Frame. 



\Z. 



Depth. 


Length. 


Breadth. 


Area. 


12-0 


450 


15-0 


•304 



No further tabulation of a vessel of this description is necessary ; and 
the officer's periodical gauge consists in merely ascertaining the depth of 
the materials contained therein at the time, and multiplying such depth 
by the area; the product will give the actual content or quantity of 
materials in the vessel, which must be entered in the survey-book. Thus, 
8api>08e the depth of corn in the above malt couch-firame be found to be 
10 inches ; the content will be as follows : 10 x '304 = 3*04 bushels. 



In fintting the depth of the com in this vessel, 
(as in every other maltster's utensil,)it is usual to 
take a number of dips in diflferent parts of the 
utensil in order to ascertain whether the surface 
is level, and if there be a slight variation in the 
depth, the diiferent dips are added together and 
divided by their number for a mean depth. Thus, 
in the foregoing example, if there had been ten 
dips of the com, (as follows,) the mean-depth 
would have been taken at 10, as before, and the 
result would have been the same. 

Rectangular cisterns and kilns are gauged in the same manner, as are 

r2 



9-8 

9-8 

9*8 

9-9 

9.9 

10-2 

100 

10-8 

10-2 

10-2 



10)100-0 

10 Mean depth. 
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rod carefully measure the length, breadth and depth of the 
vessel ; find the area thereof in the proper denomination, 
according to the rule in mensuration ; and enter such dimen- 
sions and area in the dimension-book. 



Also malt floors, (which are osoally in a rectangnlar form.) except that in 
this case the area is not previously found ; the content is, therefore, calcu- 
lated hjr multiplying the length, breadth, and mean-depth together, and 
teducmg th6 product to bushels. (See page 118.) 

It may be proper, in this place, to notice, that in calculating the content 
of malt in its various stages of operation, allowances are made upon a pre- 
sumption that 100 cistern or couch-bushels, or 163 floor-busheis, gauged 
after the grain has been emptied out of the cistem, will make only 81*5 
net-bushels. 

To reduce any given number of ctXn^-bushels to their equivalent in dry 
malt, multiply the cistern or couch-bushels by '815» and the product will 
be the equivalent in net-bushels. 

To reduce any number of >Zoor-busheIs» multiply the given number by 
*5» the product will be the equivalent number of net-bushels. 

To find whether a floor-gauge will produce a better charge than the 
dstem or couch-bushels to which such floor belongs, multiply the amount 
of the best cistem or couch-gauge by 1*63, and if the product be equal to, 
or exceed the amonnt of the floor-gauge, the best cistem or couch-gauge 
will be the charge ; but if that product be less than the amount of the 
ikoor^auge, the floor-gauge will be the charge.— 2oanf# Ituiructiona. 

EXAMPLE OP A SOAP FKAMB. 

(8.) Let the annexed flgure represent a hard 
soap frame, the length being 45 inches, and the 
breadth 15 ; required its hot and cold area. 
45x15 = 675-7- 28 = 24107 Hot area. 
45 X 15 = 675-7- 2714 = 24^87 Cold area. 
Thus entered in the dimension-book: — 

Mr. A. B.'s Hard-Soap Frame. 




No. 1. 


Length. 


Breadth. 


Hot area. 


Cold area. 


45 


15 


%|107 


24-87 



If the warm gauge or depth of soap in this frame be found at any thne 
to be, say 240 inches, the content to be entered in the survey-book will be 
calculated as follows : — 

24107 X24a= 5784 lbs. 

A mash tun may be gauged in the same way if the dimensions are 
exactly regular, which, however, is seldom the case. When there is any 
deviation from the perpendicular, cross-diametera most be taken* as 
directed in the next section. 
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To GAUOB AVESSBLIN THE FORH OF A CYLINDER.* — 

Wilh a proper gauging-rod carefully measure the diameter 
and depth of the vessel j find the area thereof in the 
proper denomination, and enter Euch diraensions and area 
in the dimension-book. 

To GAUOE A VESSEL IN THE POHM OF A FRDBtUlI OF 

A CONE OR PTBAMiD.f — With a ptoper gaoging-rod find 
the diameter (or sides) of the top and bottom of the vessel; 
calculate the area, and enter the same with the dimensions 
in the dimension -book. 



• .X*«fLE OF * OVLINDSICAL -VES-EL. 


cask in the form of a cylinder, takes accoiding to the 
rule, to be as follows ;-Diameter 38 inches, depth 60 
iDchea. 

The area found by the table ot cljeulw areas, |iee 
page 15S.1 is 4-090J. 

Thus entered b, the dimemiocbook:- 




Mr, A. B. DUlllei'i Etore-Caak. 




I,..*,. 


Deplh. 


,,... 






" 


«. 


.-» 





page 



4.) Suppose the dLmeuaious of & distillery 
istum af a cone to be u follow:— Top di 
uneter 25 IncheB, depth 30 inches. The co 
130. 



11 In the form of the 
It 40 IiKheB, hotlom 
ma; he found, as in 



it be required to flod an enact mtermedlale dlsmetei of (he vessel at 
an; required depth, it ma; be liiund b; means of a JifiymMat fiulor, 
which ma; be obtained b; the following rnte: — From the greater diA* 
rpe(«r subtract the less, and divide (he remainder b; the depth of the 
vessel; the quotient will give the difimalial faetomqwifi, and which 
ma; be used for flDdlog the required diameter al ao; proposed depth of 
the vessel, ai follows: Multiply the proposed depth h; the diSbt«ntlal 
factor ; add tbi> product to the leas diameter, if the proposed depth is ree-* 
konod from the smaller end; or tvbtrtKt such product from the greater 

&3 
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To GAUGE A vessel IN THE FORM OF A SPHERICAL 

SEGMENT. — Take two cross-diameters, (which ought to be 
equal,) at the level of the lowest part of the mouth, and 
consider half their sum as the mean-diameter of the seg- 
ment's base ; take also the depth of the vessel : find the 
content by the proper rule in mensuration, and enter these 
particulars in the table-book. I^rom the foregoing dimen- 
sions calculate the content at every inch of the vessel's 
depth, and enter the same in the dimension-book.* 



diameter if the proposed depth is reckoned from the larger end ; the sum 
or difference, as the case may be, will be the diameter at the depth pro- 
posed. Thus, if it be required to find intermediate diameters of the 
above vessel at every five inches of its depth, the same may be found as 

follows : — 

40— 25 = 15-7-30= -5 Differential factor. 

Buti 
25-1- 2-5 = 27-5x5j 
25+ 50 = 30-0/§ 
25+ 7-5 = 32-5j-gl . . «* 
25+10 =350S.§ >20Vc^ 
25 + 12-5 = 37-5 -^-tf 

If the wider end had b^n uppermost, the numbers found by the factor 
would have been deficiency of diameter instead of increase! and must have 
been severally subtracted from 40, the greater diameter. 

By this mode it is evident that the content of every inch or tenth of an 
inch might be found, if required, and entered in the Table Book. 

A vessel in the form of a square pyramidical frustum might be gauged 
in a similar manner ; but all vessels of this description are usually mea- 
sured by means Of cross diameters taken at dvery ten inches in the 
manner directed for distUlciry utensils, &c. {yide infrUi) Vessels of 
this kind ate, indeed, seldom found in the form of a perfect fSnutum, 
there being usually a difference of an inch, or an inch and a half; between 
the true diameters taken in different parts, according as the vessel is of 
greater or less magnitude. 





Then, 




5 


X 


•5 = 


2-5 


10 


X 


•5 = 


50 


15 


X 


•5 = 


7-5 


20 


X 


•5 = 


100 


25 


X 


•5 = 


12-5 



mcrease 

of 
diameter 

at 




* EXAMPLE OF A SPHERICAL SEGMENT: 

(5.) Let A B C D be a copper pan -n 

in the form of a Spherical segment to 
be gauged and inched, and suppose 
the diameter to be 90 inchesi and the 
depth, B D. 15 inches. 

To find the area at each inch of the ^ 

depth it will first be necessary to find the diameter of the sphere oi wiiicfa 
the vessel is supposed to form a part; which is done by dividing the square 
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2. Of Vessels whose Forms are nearly Regular, 

Many of the vessels used for tlie deposit of exciseable 
articles are not exactly regular, but nearly so; and where 
the departure from a strict geometrical form is only slight, 
it is the practice to find a mean of the dimensions which so 
vary, and by the use of such mean to consider the vessel 
as reduced or raised into the geometrical form to which it 
nearly approaches ; thus obtaining an approximation, and 
sometimes a very close one, to the actual content of the 
vessel. Among vessels of this description are various spirit- 
receivers, store- vats, glass-pots, mash-tuns, coolers, and 
other utensils, which are frequently found in forms very 
nearly resembling cylinders, rectangles, or frustums of a 
cone or square pyramid. Elliptical vessels are consi- 
dered irregular, afid are to be gauged by the rules given 
in the next section, except spirit dealer's small store-casks, 
which are usually gauged by the rules given in the present 
section, as no charge of duty arises from their contents. 



of hmlf the base by the altitude of the fmstam, and adding to the quotient 
the altitude : the sum is the diameter of the sphere ; thus : 
90-7-2 = 45x45 = 2025-7- 15 = 135 -f 15 = 150 Diameter of the sphere. 

Then for the diameter of the segment at any given inch of the depth, 
snbtract the given number from the diameter of the sphere, and multiply 
the remainder by the same given number; twice the square-root of the 
product vill be the diameter required. Thus, to find the diameter at one 
inch deep, say : 

150 — 1 s= 149 X 1 = 149 Square-root 122 x 2 = 244. 

In the same way the diameter at every inch may be obtained, from 
which the area in gallons may be calculated as for circles, or found by 
reference to the Table of Areas, (see page 155.) The segment at the 
bottom may be found by the rule in page 138, and, when added to the area 
for every inch, will give the whole content of the vessel. ("Ftcfe »tiU$t 

If the vessel be a brewer's utensil the areas are reduced, as the work 
proceeds, to barrels, firkins and gallons, (see page 52.) In other respects 
the tabulation and entry in the dimension-book are the same as vessels 
gauged by means of cross-diameters and the globular parts of a still-head, 
examples of which, set out at length, wiU be found in the proper place. 
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To GATTGE AND TABULATE A LARGE ClST?ILLERt, OH 
O'^HER UTENSIL, WHOSE FORM IS NEARLY CIRCULAR.* 

With a chalk-line, mark lines in the bottom of the yessel^ 
so as to divide the same into eight equal parts, as directed 
in page 105. From the top of the vessel let fall perpen- 
diculars on the diameters before struck ; and from the ex- 
tremities of the diameters to the points whence the perpen- 
diculars were let fall, strike up the sides of the vessel the 
lines on or between which cross diameters are intended to 
be taken. Fix upon and mark a proper dipping place^ 
let fall therefrom a plumb-line, and mark the point where 



* EXAMPLE OF A LAEOE DISTILLEK*S SPIBIT &ECBIYBR. 



(1.) Let AB C D represent a circular distillery % 
spirit-receiver, to be gauged and tabulated ; and 
suppose the dimensions taken according to tbe 
above rule to be contained in the following table, 
-which also shews the area and content. 



Mr. A. B.'s Spirit Receiver, gauged 10th October, 1834, by C. D. E. F. & G. H . 




• 

1 

08-7 

100 
100 
10 
091 
00-9 

48-7 


Gross-Diameters. 


• 


Incumbrance' 


Gross 
Area. 


Net 
Area. 


Content 

in 
gallons* 


1 

1101 

1120 
113-8 
115-4 
117-2 
DriL 


2 

110-7 

112-4 
113-6 
115-6 
1173 
1 npr 


3 

110-0 

112-1 
113-7 
115-5 
117-2 
Mpas 


4 

110-5 

112-5 
113-5 
115-4 
117-1 
ure. . 


110-4 

112-2 
113-6 
115-5 
117-2 


Depths Area. 


C04-2 
104-5 


1-4979 


J 34-5238 

35-6587 

36 5542 

37 7871 

38-9an 


33-0259 
34-5238 


138-7087 
155-3571 
356-5870 
365-54-20 
377-8710 
354-0600 
270000 


■*^**i' *r~~ 




Dep 


th 












Coi 


atent. . 


1T751258 



Incumbrance — A Beam across the Top. 

L. 109-3 1 Inches— Area 1-4979 gallons to be deducted 
B. 03 8 > from the Area of the first 04-S inches firom 
D. 04-2 ) the top* 

The area for every inch of the depth is found as follows : — Add the area 

of the first section to itself, and the sum will be the content at two inches 

of the depth ; to this add the same area, and the sum will be the content 

at three inches, and thus continue^ adding the ai'ea of the first section, for 
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tlie plummet touches the bottom of the vessel. Carefully 
ascertain the distance between the point so marked and 
the dipping place ; which distance will be the depth of the 
Teasel in the position in which it stands. Then measure 
cross diameters between the different lines up the sides of 
the vessel, at every five, six, or ten inches, according as the 
form of the vessel deviates, more or less, from the form of 



as many inches as it is deep. To the content of the first section add tha 
area of the second, and so continue to the bottom, changing the area at 
the commencement of each section. If there be a drip, as in this case, it 
is first brought into the tabulation. 



Wet 
Inches. 
Drip 



METHOD OF TABULATION. 

Wet Wet 

Inches. Inches. 



00-9 
r Area 


27-0000 
3-8907 


1 




30-8907 
38-9077 


2 




69-7984 


3 




108-7061 
38-9077 


4 




147-6138 


5 




186-5215 
38-9077 


6 




225.4292 


7 




264-3369 
38 9077 


8 




303-2446 


9 




3421523 
38-9077 


10 




381-0600 
37-7871 


11 




418-8471 


12 




456-6342 
37 7871 


13 




494-4213 


14 




532 2084 
37-7871 


15 




569-9955 


16 




607 7826 
37-7871 



17 


.. 645-5697 


18 


.. 683-3568 
37-7871 


19 


.. 721-1439 


80 


.. 758-9310 
36-5542 


21 


.. 795-4852 


22 


.. 832 0394 
36-5542 


23 


.. 868-5936 


24 


. . 905- 1478 
36 5542 


35 


.. 9417020 


26 


.. 9782562 
36 5542 


27 


.. 1014-8104 


28 


.. 1051-3646 
36-5542 


29 


.. 1087-9188 


30 


.. 1124-4730 
35 6587 


31 


.. 11601317 


33 


.. 1195-7904 
35 6587 


33 


.. 1231-4491 


34 


.. 1267-1078 
35 6587 



35 


.. 1302-7665 


S« 


.. 1338-4253 
35 6587 


37 


.. 1374 0839 


38 


.. 1409-7426 
35-6587 


39 


.. 1445-4013 


40 


.. 14810600 
34-5238 


41 


.. 1515-5838 


42 


.. 15501076 
34-5338 


43 


.. 1584-6314 



1 7 2d Area -% 
iV 1st Area 3 



1619-1553 
33-7748 





45 .. 


1652-9300 
33-0259 




46 .. 


1685-9559 




47 .. 


1718-9818 
330259 


7 

IT 


48 .. 
IstAroa 


1752-0077 
23-1181 




48-7.. 


1775-1258 



In forming tables of this description it is not necessary to write down 
(as above) the area at every inch, but only to enter it on a piece of paper, 
and more it downwards as we subtract or add, according as the table is to 
b« made for wet or dry inches. 
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a cylinder. Calculate the areas of eacli portion of tlie 
vessel by adding the four diameters together, and taking 
one-fourth of the ^m for a mean^diameter of the par- 
ticular section which they represent. Multiply the depth 
of each frustum or part by the mean-area for the content, 
and add the contents of the different frustums together for 
the content of the whole vessel. If there be any incum- 
brance, calculate the content thereof and deduct the same 



Only the result of this tabulation a entered in the dimension book, 
which is done as follows : — 

TABLE OF THE VESSEL. 



Wet 1 
Inches. | 


• 

1 


Area 

of a 

Tenth 


■ 

oa 
'*' Qi 
*2 

^ a 
^^ 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


1 

494 
532 
570 
608 
645 
683 
721 
759 
795 
832 
868 
905 
942 


Area 

of a 

Tenth 


26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 


■ 

■> 

a 

o 

1 

978 
1015 
1051 
1088 
1124 
1160 
1196 
1231 
1267 
1303 
1338 
1374 
1410 


Area 

of a 

Tenth 


Wet 1 
Inches. | 


• 


Area 1 
ofa 
Tenth. 


00-9 

1 

8 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 


27 
31 
70 
109 
148 
186 
225 
264 
303 
342 
381 
419 
457 


3-890 


3-778 


3-655 


39 
40 
41 
42 
43 
44 

45 

46 

47 
48 
48-6 


1445 
1481 
1515 
1550 
1585 
1619 

1653 { 

1686 
1719 
1752 
1775 




3-458 


3565 


A3-458 

iV3-808 

3-302 


3-655 







In the foregoing table, when the decimal parts of a gallon amount to six 
tenths, a gallon is taken, and any less fraction is disregarded, and the same 
practice has usually been adopted in finding the mean-diameter, when the 
sum of the cross diameters was divided by their number ; but it is better to 
calculate by the correct numbers. 

Had the vessel been gauged for dry inches, In- 
f tead of setting out the distances from the bot- 
tom, and taking the dimensions in the middle, as 
in the preceding example, the distances must have 
been set out from the top, and the dimensions 
taken in the middle of such distances, the area of 
the incumbrance being deducted from the area 
of that part of the depth in which such incum- 
brance is placed; thus. 

In taking the cross-diameters, it must be recollected that "when great 
exactness is required, the number of areas in every vessel (wbether atnight 



Depths. 
lOK) 
100 
10-0 
100 
07-8 
00-9 



48-7 



Drip. 
Gross Depth. 
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out of the frustum or frustums to which it extends ; and if 
there be a drip or fall in the vessel ascertain the quantity 
of liquor required to coyer the bottom of the vessel by 
measuring liquor out of it by a known mes^sure; then 
calculate the content of the vessel for every inch of its 
depth, beginniiig from the top, if the vessel be tabulated 
for dry inches, and at the bottom, if for wet inches : and 
enter the dimensions in the Table Book. 



or curye-sided) should be such, that the increase of the cross-diameten 
or dimensions may not exceed one inch ; in order to obtain which in a 
straight-sided vessel, the height of the vessel may be divided by the differ- 
ence of the top and bottom diameters, (or dimensions,) and the quotient 
will be the perpendicular distance which the cross-diameters. Sec, are to 
be taken from each other. 

** If the difference of the cross-diameters of a vessel is pretty consider- 
able, (that is four, five, or six inches, more or less, according to its magni- 
tude,) then every practical ganger who is more solicitous for truth than 
expedition, will have recourse to the general method of equidistant ordi- 
nates ; (page 101,) there being no other method that I know of for deter- 
mining, with such an amazing degree of certainty, the measure of a 
curvillneai figure whose true form, (or property,) is unknown." — Mott't 
Gaugingt page 118 ; and see irregular vessels infra. 

The most convenient distance for the cross-diameters is ten inches, 
because in multiplying the area corresponding to each mean-diameter by 
10, it is only necessary to remove the decimal point one place towards the 
right hand. 

When the difference of the top and bottom diameters, (or dimensions,) of 
any straight-sided vessel is small, the distance of the cross-diameters may 
be set off upon the side without sensible error ; but when such difference 
is large, the true account must be obtained by the rule in the next section, 
and set off accordingly. 

The best method of obtaining the true dipping-place with a plumb-line 
is this : rub the bottom of the plummet well with chalk, &c., by which 
means, when the plumb-line is let down from the intended dipping-place, 
you wUl readily discover a mark made on the bottom of the vessel, upon 
which mark the end of the dimension-cane must be placed. — Moss'g 
Gaugmgt page 161. Or use a plummet with a point, which will stick into 
the bottom of the vessel where it falls. 

Sometimes the position of a distiller's wash back, &c, is such that it is 
found necessary to fix the dipping-place thereof at some certain distance 
above the top of the back, which distance is called the curb; and to avoid 
unnecessary trouble in tabulating the vessel, it is always taken a whole 
number of inches.— <See the examples in the next Section. 
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To GAUGE AND TABULATE A SMALL DISTILLERY OR 
OTHER UTENSIL WHICH IS VERY NEARLY CIRCULAR.* — 

With a proper gauging-rod take cross-diameters at right 
angles at the top of the vessel ; multiply the diameter by 
'707, and the product will give the inscribed square, 
nearly. Having, by trial, found the true side of the in- 
scribed square, mark the angular points, from each of 
which let fall a plumb-line, and mark the spot where the 
plummet touches the bottom ; strike a line across the 
bottom, each way, so as to pass through the opposite 
marks. Draw straight lines from the bottom quarterings 
to the top, and take cross-diameters at every ten inches 
from the bottom, or nearer, if necessary. Add the cross- 
diameters of each section or frustum together, and take 
half the sum for a mean area of the part which it repre- 
sents ; calculate the areas of the different parts and the 
content of the whole, and tabulate the same in manner 
directed by the preceding rule. 



* EXAMPLE OF A STORB VAT. 

(2.) Let A B C D represent a store vat, made of A — — B 

% hogshead or cask, standing on one end, the other 
end being cut off, to be gauged and tabulated. 

Suppose cross-diameters to be taken according 
to the rule, the dimensions of which, with the 
areas and contents, are set out in the following 
Table. 

Mr. A. B.'s STORE VAT. 




Depths. 


Cross-dia- 
meters. 


Mean-dia- 
meters. 


Area 
gallons. 


Content 

gallons. 


10 
10 
10 
IP 


50-7 
51-6 
48-6 
44-7 


50-5 
51-4 
48-4 
445 


50-6 
51-5 
48-5 
44-6 


7-2524 
7-5126 
6-6629 
5-6344 


72524 
75126 
66-629 
56-344 


40 whole depth, Whole content in gallons 270*623 1 
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To QAVQE A GLASS POT. — With a diameter-iule find 
the top and bottom diameters, and also the depth of the * 
pot ; and if the pot approaches very nearly to the shape of 
a cylinder, add the two diameters together, and take half 
that som for a mean-diameter, and find the area of a circle 
whose diameter is equal to snch mean for the area of tlie 



(3.) Soppose « glui pot, in (he ronn of the an- 

siona being u Mlom: depth, E F, IBS inchei, 
meu-diuuter, A B = C D, «9'9 inches. 

To find (he ues lod i^mtenl ; — 
2»-9 (diameter) x 29 9 = 894-OI -r- ' 1 (i^c. dii.) = 
81-2736 (uea)xl8-5(depth)^lH>3'SeiG0(Fonteal.) 

Thus entered in the Dimeorion Book : 





s^ 


f 


4 


■^ 


4 


J 






p 


1, 


s 


1 


» 






Its- 


et-9 


IS. 


350 


« 


». 






The mawiog ia the mode of ubul^ng the t«mcI. 






Content. 








C0..„.. 


f^ 




.^1 




m 














Decl. 






.TX 




llis. 


ofaTb 


~ 


"•"■ 


gflft. 


FuU 


1503 

TiST 


me 


ft 


*ei 


CTM 


13 


447 


0048 


































SB 
























27as 


1(1 


"^r! 


5^ 


IB 




STM 
























»T,fS 












me 




"ft 




" 


Si 


3T3S 


IS 


S 


was 




81 


8736 








la-e 


M 
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pot at one inch deep ; and the same area will serve for the 
area of every inch of the depth. If the form of the pot is 
not so near to that of a cylinder, take cross-diameters at 
five, fifteen, and twenty inches from the hottom, and ta- 
bulate the areas as before. 



(4.) Suppose another glass pot to be gauged 
is of the following dimensions : original depth, 
21*6 inches, level depth from the mouth, F O, 
20-6 ; diameters, AB, 27-3, C D, 27-2, E G, 271 ; 
depth of the mouth, N F, 8-2, and diagonal, 
F S. 311. 

The area is found as follows :— 

27-3 
27-2 
271 




81-6-r-3 = 27-2x 27-2 -r 11=^67-5 



Thus entered in the Dimension Book. 



Original depth 21 

Level depth 20-6 

41-6 
Mean depth 20*8 


Diameter. 


Area. 


Depth, 


27-2 


67-26 


20-8 


Mouth 


ft'ft 





The content of each inch of the depth as entered m the Table Book 
will be as follows : — 



Full 


139901 


8 


860 93 


15 


390-11 


1 


1331-75 


9 


793-67 


16 


322-85 


2 


1264-49 


10 


726-41 


17 


255-59 


3 


1197-23 


11 


659-15 


18 


188-33 


4 


1129-97 


12 


591-89 


19 


12107 


5 


1062-71 


13 


524-63 


20 


53-81 


6 


99r)-45 


14 


457-37 


20-8 


00-00 


7 


928-19 











A plate glass pot is gauged in the same manner, except that a diffei«nt 
circular divisor is used. (See page 173.) 

Elliptical glass pots are also gauged in the same manner, the trans- 
verse diameter being multiplied by the conjugate, and the sqnaxe-root of 
the product taken for a mean-diameter. 
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To a 



JDILK TUN VERY NEARLT IN THE TOEM 
OF THE paUSTUM OF 4 SaUABE PYEAMID.* — Find the 

depth of the tun, and also the length and breadth at every 
tea incites. Find the areas at the several breadths and 
tiansfer the same with the respective depth to the di- 

To OAUGB A SPIRIT dealer' a ELLIPTIC At 8T0RE- 

CASC'I' — Measure the iatemal dimensions and take cross- 
diameters at every ten inches; calculate the area at each 
of sacb distances, and enter the same, with the dimen- 
sioU3, in the dimension-book ; multiply each area by the 
depth for which it is to serve ; the sum of the products 
irill be the content of the vessel. 



(&.) Let the aiinexed figure reprewot >. pfTa- 
mldlul guile-tun to be gauged and tabulated \ and 
wippoae the depth to be 30 inches ; Ihe length 
of the aide a, |5 Inches from the boltum) = 335, 
wad at IS iachea ^m the bottom, the aide, b, 
SS-9; and it S» inches deep the slOa cs 12-5 inehei- 
To and the aieaa 1 

3a'Sx3i'S-r£n-ZTl = 3'S09t gaUoni. 

SB'S X 3S'S-^ jrn*£74 ^ 9'3S gallana. 

1^ X tii-~ sn-m =^ an gallona. 

These tides and areas ate entered In the dimeniion 

them the vessel maj- be tabulated as in the furmer eus 



I, and that theroU 



Mr. 0. 


W., Bran 


djDeaJ 


r. No. 5 R 


umCuk. 




Depth.. 


«s?: 


Conjn- 
gate. 


A^as. 


OaUons. 




w-o 


GU-O 
WO 


«-8 
48 


8819 

esio 

B113 




458 


Conlenl 


oftheve- 
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To GAUOE A MASH TUN OR OTHER NEARLY RECTAN- 
GULAR VESSEL.* — With a proper gauging-rule take a 
diameter in the middle of every ten inches, or less, from 
the hottom upwards ; take also cross-diameters at each 
of the same levels ; find the area of each portion by 
adding the two lengths and breadths respectively to- 
gether, and taking half of the sum for the mean length 
and breadth, and then multiplying such mean length and 
breadth together, and reducing the same into gallons or 
bushels, as the case may require. To find the contents of 
the different parts multiply the area by the depth of the 
respective part ; and add such contents together for the 
whole content of the vessel. 



* BXAHPLB OF A MASH TTTN. 

(7. ) Let A B G D represent a horizonta} ^ 
section of a rectangular brewer's mash 
tun to be gauged and inched, and sup- 
pose the lengths and breadths taken ac- 
cording to the rule to be expressed in 
the second and fourth columns of the fol- 



B 



T 



lowing table. The other columns will shew the means, areas) and contakt. 
Memorandum of Mr. A. B.'s Square Mash Tun. 



DO 

a 
.2 

.t 
Q 

10 
10 
10 
10 


Lengths. 


• 

31 
If 

95-9 
96-1 
95-8 
97-0 


Breadths. 


• 

79-7 
801 
80-3 
810 


Area 

in 

gallons. 


Area 

in 

Qrs. B. Galls. 


Ck>nteat 

in 

Qrs. B. Galls. 


95-8 96-0 
960 96-2 
960 95-7 
96-8 97-2 


79-6 

80-2 
80-4 
810 

1 


79-8 
80-0 
80-2 
81-0 


27-5655 
27-7618 
27-7442 
28-3367 


3 3-5655 
3 3-7618 
3 3-7442 
3 4-3367 


4 2 3fK')R(l 
4 2 5*618( 
4 S 5-44a( 
4 3 3-3^ 


40 Content of the whole ▼easel. 




..17 3 2-QmJ 






■MMM 








1 



If the vessel had been a distillery utenaU the last two columns would be 
unnecessary. 

The mode of tabulating this vessel for every inch of its depth is the 
same as in the former examples, namely, the area of each respective part 
is added to itself as many times as the section is inches deep ; alter 
which the officer's periodical gauge consists in merely ascertaining the 
depth of liquor or materials in the vessel, and entering firom the table 
the proper quantity corresponding with the actual depth. 
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To OAUOB AND FIX A RECTANGULAR BACK OR COOLER.* 

— ^Ascertain the mean length and hreadth and find the 
area in the usual manner. Cause liquor to he admitted to 
cover the hottom of the cooler, and take dips at different 
parts of the vessel, according as it is more or less in- 
clined, and then add such dips together and divide hy their 
number for a mean dip. Fix upon a convenient dipping 
place, and calculate the area to every tenth part of the 
depth up to the height of three or four inches from the 
bottom, which insert in the Table Book, 

* BXAMPLB OP ▲ KB0TANOUL1.B COOLBE. 

(8.) Let A B C D be the bottom of a rectangular cooler to be gauged and 
tenthed, the mean length being 360 Inches, and the mean breadth 200 
inches ; and suppose, on liquor being admitted into the cooler, the following 
depths are found at the places marked :— 

5-5 

6 



Depth at 1 .. 


2-5 


2 .. 


2-2 


3 .. 


1-8 


4 ,. 


24 


5 .. 


3-0 


« .. 


2-8 


7 .. 


2-4 


8 .. 


19 


9 .. 


2-3 



Number of dips .... 9 ) 21-3 
Mean depth.... 23 



A 








1 


2 3 


« 


4 


5 6 




7 


8 9 


C 







D 



Buppose the dip at * be now found to be 2*3 inches, it will be the mean, 
«nd therefore the proper depth ; but if such dip be found to be 2*5 this 
would be two-tenths of an inch too much, and must be marked on the 
vessel, or on a post or beam near it, [C, No. 1 — 00-2.] If, instead of this, 
the dip at * be found to be 2*1, this would be two-tenths too Uttle, and the 
mark must be [C, No. 1 -|- 00*2.] ** The dips ought to be taken equidutani 
from erery extreme to the opposite, and the more irregularity in the 
make of the vessel, the more dips are requisite.'*~6u<<en'd^e'<« Oauger. 

To tabulate the cooler, we hare only to add the area at one-tenth of an 

inch deep continually to itself for every additional tenth of the depth 

from the bottom, thus, 

25*967 Area at 0*1 inches deep. 
85'9«7 



^1*934 Area at 0*2 inches deep. 



And so on for three or four inches of the depth. 

s 3 
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■ 

d« Of Irregular Vessels. 

Irregular Ybssels are sucli as canaot be cotn 
Teniently reduced to the tuual forms of solids, and mcli]l;if ; 
various large distillery vessels, whose bases approach jr.: 
the elliptical form, and whose sides bulge out either in 11?-^ 
middle or otherwise. Under this head may also be clasaj:::); 
coppers with rising and falling crowns; vessels fixed j:/; 
very inclined positions, and vessels with internal incin::: 
brances. k- 

To GAUGE AND TABULATE AN IRREGULAR ELLIPTIC 

VESSEL*. — With a chalk*line divide the bottom of t 
vessel into quarters, and afterwards draw 7i 9 or any otli 
odd number of perpendicular ordinates, according to t Vjt 
rules already laid down, (see page 105,) and mark t):: 
ends of the ordinates with particular numbers, as 1 h 
2 2, &c. ,ic( 

In order to draw lines from the extremities of the o 
nates up the sides of the vessel, so that ordinates may 
taken in any part of its depth at the same equal distanoj v( 
from each other, as those At the bottom are from eajir 
other, proceed in the following manner : — Hold a chalkj p 
plumb-line at the top of the vessel, so that the plum 
falls on the ordinate I 1 ; then removing the plummet to 
extremity 1, while the other end of the line is contin 
stationary, strike a line against the side of the vessel, fr 
the bottom to the top ; proceed in like manner to stri 
lines from the extremities of every ordinatci and also 
the transverse and conjugate diameters, from the bottd 
of the vessel to the top* i 

if the vessel be intended to be tabulated for dry inch4 



• This rule, which is deduced ftrom Mr. Moss's and Mr. Shirtliil 
rules for measuring by equidistant ordinates, has been pabliahed, witibij 
following example, at the Goremment Press, for the use of the oficeni 
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begin to mark out the distances, and take the dimensions 
from tlie top, leaving the odd inches and tenths (if any) in 
the lower distance ; but if for wet inches, b^in from the 
bottom, leaving the odd inches and tenths (if any) in the 
npper distance, except the vessel has a curb or covef, 
through which the gauges must be taken ; in such case, 
should the vessel be intended to be tabulated for dry 
inches, the thickness of such curb or cover must be de- 
ducted from the upper distance, and the dimensions taken 
in the middle of the difference, as exemplified in the table 
of dimensions in the margin. 

If the dimensions of the vessel at the top and bottom do 
not vary very considerably, they may be taken in the 
middle of every ten inches ; otherwise they should be taken 
in the middle of every two, four, six or eight inches, 
according as the sides incline to or recline from a perpen- 
dicular direction. 

Previous to setting out these distances, the depth of the 
vessel should be ascertained. Having fixed upon and 
marked the proper dipping-place, let fall therefrom a 
plumb-line, and mark the spot on which the plummet 
falls ; carefully measure the distance between such mark 
and the dipping-place, and this distance Will be the true 
depth of the vessel in the position in which it then stands. 

As the lines drawn from the shorter ordinates up the 
sides of the vessel will be oblique, care must be taken in 



BXAMPLB OF A DI8TILLBKT UTBNSIL. 



Let the annexed figure Tepieaenft the 
base of an elliptical Teasel^ to be ganged 
and tabulated, and suppose nine equi- 
distant ordinates hare been taken on the 
base, and between the different sections, 
according to the rule, the dfanensions 
whereof, with the areas, incambTance* 
&c. are as follows } 
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matking the points from which the ordinates in the re- 
specUve frustums sie to be ascertuned, that the lines 
meatDTed from such points cut, at true distances from the 
top of the vessel, a perpendicular line felling on the le- 
speclive oTdinates at the bottom of the vesse]. The dis- 
tances on the oblique lines may be ascertained as follows : — 
As tbe length of the perpendicular line is to the length of 
the obliqne hne, so are the leapectire distances from the 
top or bottom on the perpendicular line to tbe respectire 
distances from the top or bottom on the oblique line ; or 
the true distances may be easily aacertained by trial, which 
is the method generally adopted. 

Find the gross area of each frostum as follows : — 

Mr. A. B.'a Wuh Back. Gained October UHb, ISM, b]' C. D. K F. &c. 



loflumbruice.-^A Bcmm inside the Top, 

Atu 1-ma Oallou, K 



D C 



fromlheAreftottliefintlouilDebeabom 



The Teiael <■ here >ui>paied to reqoin Iwenty-fnir giltoni ot llquoi 
eovei the bottom, ind the depth of mch liqDor perpendlcuUri^ DikdeT 
dipping pluw in flupposed to be Ol'l inchei, 

ThE mods of Hndiiig the fOregoing aieu, ucotding to the rate l«id do 
ia the lext wid in page lOt. ti ibewn In tbe followlnc :— 
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To the sum of the first and last, or the two extreme or- 
dinates, add four times the sum of the second, fourth, 
sixth and eighth, or even ordinates, and also douhle the 
sum of the rest ; multiply this total hy the equidistance 
between the ordinates, and to the product add the product 
of the sum of the extreme ordinates, multiplied hy the sum 
of segments; this sum, divided hy 831*822 (three times 



Scheme of Operations of finding the Areas of the several Frustums ^ 





FRUSTUMS. 




1 
C 19-4 

I iy-6 


2 


3 


4 


""5 


ixt. Ordinates of the Frustums 


24-8 
24-7 


29-2 
29-2 


31-9 
31-7 


35-7 
35-9 


Uim of S^nnents 


390 
4- 


49-5 
6-1 


-58-4 
8-3 


63-6 
10-2 


71-6 
12-2 


Sxt Ordinates x by Sum of Segments 


156- 

C 540 
3 764 
I 763 
( 53-7 


301-95 


484-72 


648 72 


873-5 


ieoond, fourth, sixth, and eighth, or 


55-8 
78-5 
78-2 
55-9 

268-4 
4 


58-3 
79-3 
79-1 
58-1 


59-8 
80-4 
80-5 
59-8 


61-5 
81-9 
82-0 
61-3 






2604 
4 


274-8 
4 


280-5 
4 


286-7 
4 


STen Ordinates X by 4 


1041-6 


1073-6 


1099-2 


1122-0 


1146-8 


rhird, fifth, and serenth, or odd Ordi- 
nates, exclusive of the ext Ordinates 


i 690 
2 78-0 
( 68-8 


70-0 
80-0 
70-5 


71-7 
81-6 
71-8 

2251 
2 


73-3 
82-8 
73-5 


74-7 

840 
74-6 




215-8 
2 


220-5 
2 


229-6 
2 


233-3 

a 


Odd Or. (exclusive of ext. Or.) x by 2 
Even Ordinates X by 4 


431-6 

1041-6 

39-0 


4410 

1073-6 

49-5 


450-2 
1099-2 

58-4 


459-2 

1122-0 

63-6 


466-6 
1146-8 


Sum of the extreme Ordinates 


71-6 


Sum .«.. 


1512-2 
15 


1564.1 
15 


1607-8 
15 


16448 
15 


1685-0 


Equidistance between the Ordinates. . 


15 


Product •«.«..•...•• 


22683-0 
1560 

22839 


23461-5 
301-95 

23763-45 


24117-0 

484-72 


24672-0 
648-72 


25275-C 


Extreme Ordinates x by Sum of Seg. 


873-E 


Divided by 831-822 


24601-72 
295757 


25320-72 


26148-.' 






Areas of the Frustums 


27-45651 28-5679 


30-4400 


31 ^SE 



The Number designated the Sum of Segments, is the difference between 
the whole length of the Transverse Diameter and that Part of it enclosed 
between the two Extreme Ordinates ; or in other words, it is the sum ol 
the versed sines of the EUliptical Segments cut off by the extreme Ordi' 
nates (marked in the Figure 1, 1, and 99.) These Segments approaching 
very nearly to the form of parabolas, are considered as such ; and as every 
parabola is ^ of its circumscribing parallelogram, the sum of the extreme 
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the cubic inclies in an imperial gallon) will give the area 
of the elliptical curve . 

Deduct the area of the incumbrance (if aiiy) from the 
area affected by such incumbrance, and the difference will 
be the net area, which, multiplied by that part of the depth 
to which it belongs, will give the content of the frustum 
corresponding to such dimensions ; proceed in like manner 
for the content of the other frustums ; add the whole of 



Ordinates muUiplied by the sum of Segments, and the product divided by 
three times the cubic inches in an Imperial Gallon, gives the same result 
as dividing two"thirds of the product of each extreme Ordinate and its 
versed sine, by the cubic inches in an Imperial Oallon^ and is performed 
with more ease and expedition. 

The curb or cover being 01*7 inches thick, and the gauges requiring to 
be taken from the top thereof, the table, instead of beginning at full, must 
begin 01 '7 inches above the upper part of the inside the vessel, as follows : — 



METHOD OF TABULATION. 





Dry Dry Dry 
Inches. Inches. Inches. 


Dry 
Inches. 




FuU 01-7 1743-4834 


15 1379 7946 


31 


910-7581 


47 


416-7517 


8 


upper area 7-7090 
2 1735 7744 


16 1351-2267 

28 5679 


32 


880-3181 
30-4400 


48 


385-3165 
31-4352 




25-6966 


17 1322-6588 


33 


849-8781 


49 


353-8813 




3 1710-0778 

4 1684-3812 

25-6966 


18 12940909 
28-5679 


34 
35 


819-4381 
30 4400 

788-9981 


50 
51 


322-4461 
32-4398 




19 1265-5230 


290-0063 


7 
1 » 


5 1658-6846 

1st area ^ 26-2245 
2d area 3 


20 1236-9551 
29-5757 


36 
37 


758-5581 
30-4400 


52 
53 


257 5665 
32-4398 


3 
10 


21 1207 3794 


728-1181 


2251267 




6 1632-4601 

27-4565 

7 1605.0036 

8 1577-5471 

27-4565 

9 1550-0906 

10 i522-(5341 
28-5679 


22 1177-8037 
29-5757 


38 

39 
40 

41 
42 


697-6781 
30-4400 

667-2381 

636-7981 
314352 

605-3629 


54 

56 

57 
58 


192-6869 
32-4398 




23 1148-2280 


160-2471 




24 1118 6523 
29-5757 


127-8073 
32-4398 




25 1089 0766 

26 1059-5009 

29 5757 


95-3675 




573-9277 
31-4352 


62.9277 
32-4398 




11 1494 0662 

12 1465 4983 

28-5679 

13 1436-9304 

14 1408 3625 

28-5679 


27 1029-9252 


43 
44 

45 
46 


542-4925 


59 

« 10W( 

»^ are 


30-4879 




28 1000-3495 
29-5757 


611-0573 
31-4352 

479-6221 

448-1869 
31-4352 


^J 6-4879 




29 970-7738 


59-2 


1 24-0000 Dri 




30 941-1981 
30-4400 
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the contents together, and also the quantity of liquor 
necessary to cover the hottom, and the total will he the 
whole content of the vessel. 

Ascertain the quantity of liquor required to cover the 
bottom, hy measuring into the vessel, with a known mea- 

- sure, a sufficient quantity to completely cover the hottom 

- in every part ; carefully ascertain the depth of the liquor 
perpendicularly under the fixed dipping-place, suhtract the 

^ depth thus found, and also the thickness of the curh or 

r. cover, (when the dry inches are to he taken ahove it,) from 

the gross depth of the vessel, ascertained as hefore di- 

- TaMe qfthe Fettel, at entered in the Table Book. 



riP' 



• 

00 

01-7 


^ Gallons. 1 


f 

Area 

of a 

Tenth. 


Dry 
Inches. | 


• 

1 


Area 

of a 

Tenth 


-^ a 
31 


J 


Area 

of a 

Tenth 


si 

46 


• 

1 

448 


Area 

of a 

Tenth 




16 


1351 




911 






2 


1736 




17 


1323 




32 


880 




47 


417 




3 


1710 


2-569 


18 


1294 




33 


S>0 




48 


885 




4 
5 


1684 
1659 

1632 

1605 




19 
20 
21 


1265 
1237 
1207 




34 
35 
36 


819 
789 

758 


3-044 


49 
50 
51 


354 
322 

290 




,'o2-569 






6 

7 


r\2-745 


22 
23 


1178 
1148 




37 
38 


728 
698 




52 
53 


257 
225 






8 


1577 


2-745 


24 


1119 




39 


667 




54 


193 




9 
10 
11 


1550 
1523 
1494 




25 
26 
27 


1089 
1059 
1030 


2-957 


40 
41 
42 


637 
605 
574 




55 
56 
57 


160 

128 

95 


3-243 






12 


1465 




28 


1000 




43 


542 




58 


63 




13 


1437 




29 


971 




44 


511 




59 


30 




14 
15 


1408 


A.ORA 


30 


941 




45 


480 


3143 


59-2 

1 


24 


Drip 


IdOUl B OUU 






1 1 • 


■ -w 



In dividing the table-book, a sufficient space should be appropriated for 
Intering the dimensions of the whole of the utensils (and for such others 
M may be erected) before the commencement of the tables, shewing the 
|uantity of liquor each vessel is capable of containing at every inch of its 
lepth. 

Had the vessel been gauged and tabulated 
br wet inches, the dimensions must have 
ken taken in the middle of the respective 
Ustances, commencing from the bottom of 
he vessel, as set forth in the margin, disre- 
|arding the curb or cover, and deducting the 
9ea. of the incumbrance from that part of 
ke area of the frustum affected by such 
Icumbranee. 



Depths 
08-6 
100 
100 
100 
10-0 
08-9 
Oil 

58-6 



Drip. 
Gross depth. 
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rected, and the remainder will be the net depth to be 
tabulated. 

To GAUGE A COPPER WITH A RISING CROWN.* Lay a 

straight pole or rod diametrically across the mouth of the 
copper, or where that cannot conveniently be done extend a 
small cord like a diameter across the mouth, causing it to be 
held tight in that situation. Then, along this cord or rod, 
move a line furnished with a plummet, till the head hangs 
directly over the centre of the crown, and with a dimen- 
sion-cane take, the particular distance between the centre 
of the crown and the cord at the level of the mouth; 
this distance will be the depth of the copper in the middle. 
Slide the plumb-line along the rod or cord above, until 
the plummet hangs freely over the lowest part of the 
bottom of the copper, just at the beginning of the con- 
vexity of the crown, where it rises from the sides ; and 
with a rule or dimension-cane, take the length of this per- 
pendicular also; then, without shifting the line, measure 
the distance it has been moved from the level of the cord 
or rod since the first perpendicular was taken. Twice 
this distance will be the diameter of the base of the 
spherical segment forming the crown, and the difference of 
the two perpendiculars will, evidently, be the altitude of 
the segment, or rue of the erown, 

* ** Coppers used by common brewers have generally bottoms somewhat 
resembling the segment of a sphere. When the convex projects upwards, 
the copper is said to ha,re arising croum; but when it projects downwards, 
leaving a concave space within it, it is denominated a faUing croum. 
Coppers with horizontal bottoms are seldom met with ; and it may be re- 
marked that small coppers have generally falling crowns, while those of 
pretty large dimensions are commonly made with rising crowns. To the 
mouth of some coppers is attached a copper hoop, called a curb ; the curb 
rises several inches above the top of the copper, »nd is generally qf a con- 
glderably greater diameter; consequently, it is necessary to take its 
dimensions as a distinct part of the co^^^r^^AitheitandLiUle's Gauging, 

If the copper has neither a rising nor a falling crown, it may be gauged 
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Quarter the copper at the bottom and also at the top, 
by finding the inscribed square in each case, as before 
directed with respect to a circular vessel ; then, in order 
to draw four chalk lines up the sides of the copper, so 
that it may be every where truly quartered, proceed thus: — 
Stick about an inch of lighted candle on the centre of the 
crown, and let the vessel be darkened at the top ; then a 
line being extended from the top to the bottom, will form 
a shadow on the side of the copper, which may be traced 
with a piece of chalk ; proceed in the same way for the 
other three lines. 

Take cross diameters in the middle of every four, six, 
eight, or ten inches, according as the copper differs more 
or less from a cylindrical form, and find their respective 
areas^ which, multiplied by their corresponding depths, 
will give their contents as cylinders, the sum of which, 
added to the quantity of liquor to cover the crown, will 
give the content of the body of the copper* 

bj taking cross diameters in ffae manner already pointed out as to 
vessels, the form of which is very nearly cylindricaL (See ante page, 191.) 

9$4MPLB PF A COPFBA WIT? A EISHfG CKOWN. 

(S.) ftippose the annexed figure to represent a copper with a rising 
arown to be gauged and inched ; the dimensions taken according to tbe 

nde to be as follows .-^ 

_ A 

— To cover the crown. . 22 gallops. ]^^>** ''^^^f F 

48 a? ** X 

The most expeditious and certain way of obtaining the quaq.tity of 
liquor to coyer the crown is by letting water ipto the copper until the 
crown is exactly covered, and then drawing it off very carefully into some 
known vessel; but if this be impracticable or undesirable, the content 
may be found by calculating the content of the frustum, a; £ F « a;, vad 
subtracting the content of the segment, x B « or, from it. (See page 814), 

T 



12 ( Sfiromthetop) 74*5 


73 '7 


10(17 


) 741 


73-9 


8(26 


) 690 


68-6 


6(33 


) 650 


650 


6(39 


) 611 


60-7 


6(45 


) 56-8 


56-7 
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To GAUGE A COPPER WITH A FALLING CROWN. ^By 

the help of a plumb-line find the perpendicular depth of 
the copper from the top diameter to the angle where the 
body of the copper and its top are united ; this will give 
the depth, which requires to be tabulated by means of 
cross diameters taken in the manner directed by the fore- 
going rule. Find the content of the bottom of the copper 
either by actual admeasurement or as a spherical seg- 
ment,* and add such content to the contents of the se- 
veral sections of the copper for the content of the whole 
vessel ; then tabulate the same in the manner directed in 
respect of a copper with a rising crown. 



If the copper be a brewery utensil the contents mast be found in 
barrels, firkins and gallons ; such contents being the products of the re- 
spectire areas multiplied by the parts of the depth set opposite to each, 
and these, when added together with the quantity to cover the crown, give 
the whole content of the copper. 

The whole content being found, the next business is to find the quantity 
of wort, &c., at any part of the depth, by taking the dry inches ; for which 
purpose it is necessary to form a table showing the quantity at every inch. 

Such a table may be formed by setting down the whole content in bar- 
rels, firkins, and gallons, with the decimal parts, and subtracting there- 
from, the area at the top, reduced to the same denomination ; the remainder 
gives the quantity in the copper when the surface of the wort, Bee, is one 
inch below the top. A similar operation for every other inch of the depth 
will complete the table. See page 215. 

(3.) Let the annexed figure represent a copper with a ritmg crown and a 
curb to be gauged and inched. The dimensions 
are taken and the calculations made as in the 
last example, with this difference only, that the 
first pair of cross diameters are made in the 
middle of the curb, if its depth be an integral 
number of inches. If, however, the depth of the 
curb consists of inches and tenths, the tenths 
must be considered as befonglng to the second 
diviaion, and must be measured as part of its 
perpendicular breadth ; consequently, the odd tenths that may be in the 
whole depth of the copper will fall at the bottom, as they always should, 
when the tabulation is intended for dry inches.— JS'isbett cmd lAttU^t 
Gauging, 147. 

• The mode of inching a spherical segment is explained in page 214. 
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To GAUGE A VESSEL WITH A DRIP OB FALL. Find the 

content of the vessel, supposing it to be full and standing 
upright, according to the foregoing rules ; then ascertain 
the content of the part which will not hold liquor, hy 
reason of the inclining position of the vessel, subtract the 
one content from the other for the content of the vessel in 
the inclined position.* 

* BXAMPLB OF A TUN WITH A FALL OE DKIP. 

(4.) Sappose a conical tun U posited as in the annexed figure, and itt 
dimensions as follows : top diameter A B 
90 ; bottom diameter C D 108 ; depth, 60 ; 
and slanting side A C or B D 60*93. 

The contents of the whole tun will be 
found by the rule in page 129. 

If the vessel be filled until it touches the 
top diameter at the edge B, it is evident 
that, the part A g B will be empty; and 
the content of this part, being an ungula or hoof, may be found by the 
rule in page 125, and this content being deducted from the content of the 
whole vessel, will give the content of the vessel when full, in the inclined 
IKMition. 

In order to find the content of the ungula, it will be necessary to as- 
certain the depth A g, which may be done when the vessel is filled up to 
B, by measuring from A to the liquor at g. If the vessel be empty, the 
point g, i. e. where the surface of the liquor would cut it, if the vessel 
were filled up to B, may be found by means of a quadrant ; for looking 
through the sight at O, and the thread falling at the first degree in the limb, 
the sight wUl be directed to g, which may be marked with chalk. — Lead- 
better' t Gauging 125. See also Dougarthy's Ganger, (1739). 

The usual method of gauging a vessel of this 
description is to pour water into the vessel from 
a known measure until the bottom is just co- 
vered; then let fall a plumb line from B to the 
surface of the water at n ; which will give the 
perpendicular depth of the part O B C E ; 
which is tabulated by means of cross diameters, B 
taken according to the rules already given, (see 

page 188). It is evident, however, that the sec- ^ ** C 

tiona thus taken, parallel to the horisontal surface of the liquor covering 
the bottom, will not be circles but ellipses ; but as the difiierence of their 
diameters will always be small, half the sum of their cross diameters are 
taken for a mean diameter, and they are then considered as reduced to 
eircleSj and the areas found accordingly. 

In tobulating a Teasel pf this description, the chief difficulty is in regu- 

T 2 
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To GhAUOE AH& TABULATE A VESSEL WHEN IKCUM- 

brances are TO BE DED¥CTE]>.* — Find tlie gross conteiU 
of the vessel, and also of each incumbraiice separately ; 
deduct the whole of the incmmbranees from the gross con- 
tent of the vessel, and the remainder will be the net 
content of the vessel. In tabulating the vessel deduct the 

Iftting the dipping-place. Wbetho* for wet or dry incheSr bove^er,, it 
may be most conyeniently fixed at the top of the tun, in which case the 
gaugfaig rod, in taking the depth, will descend in the perpendicular di- 
rection B n, coming in contact with the bottom of the vessel at r. 

* BXAHPLB OP A TB8SBL WICT lM«tJMBRiUVCB». 

(5) Suppose the mean length of a vessel (in the form of a regular Paral- 
lelopipedon) to be 184*6, the mean breadth 104*4 inches, and the depth and 
dimensions of the incumbrances as below ; required the net content and. 
mode of tabulating the same for the drj inch gauge. 

Inch. 6aL 
Gross depth 80*6 

Drip 2-8 105 

Net depth TT8 

Bottom of the cross bar cer beam,, from the bottom of the back (SQfii 

Length 99*5.... Breadth 3*8 Depth 4*8 

Bottom of second cross bar from the bottom 30*8 

Length 99*5 Breadth 3*6.... Depth 3*4 

Two perpendicular planks» length of each, beginning at the bottom 71*5 

Covered with water in the drip 2*0 

Net length of each plank 69*5 Breadth 12*5. . • .Thickness 8*5 

The content of the vessel is found by multiplying the length, breadth* 
and depth together, and dividing^by 277*274, (see page 116). The content 
of each incumbrance is found in the same manner, and when added to- 
gether, and taken from the gross content of the vessel, the remainder 
shews the net content. 
In order to tabulate the vessel, the' following, method most be adopted. 

Net depth of the vessel 77*8 
Net depth of the planks 68*5 

Top of the planks from the top of the bars 8<'& 
If the depth of either of the cross bars be added to the distance of its 
bottom ttom the bottom of the vessel, and that sum subtracted ttom the 
gross depth, the remainder wiU be the distance of the top of such cross 
bar from the top of the vessel. The distance of the top of the first cross 
bar from the top of the vessel, is therefore 6*3, and the distance of the se» 
eond is 46*4 inches. These particulars, with the several areas, may be 
farmed into a preparatory table, in order that the incumbrances may be 
deducted in their proper place» when the vessel is tabulated for dry ioehes. 
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respective parts of each incumbrance applicable to the par- 
ticular section of the vessel to be tabulated for the net 
quantity at any given depth of the vacuity of the vessel. 



Names of the 

several particu^ 

lars inserted. 



Mean length.... 
Mean breadth . . 

Gross area 

First cross bar. . 

Gross area 

First crossbar.. 

Planks 

Gross Area 

Gross Area 

Second cross bar 

Planks 

Gross area 

Planks 

Drip 



S 

o 

a 



184-6 
104-4 












T 
g 



1 



1-363 

1-363 
•224 

•224 

1-291 
•224 

•224 



Gross 
Area. 



1 



1 



69 506 

69-506 

1-363 

69-506 

1-587 

69-506 
•224 
69506 

1-515 

69-506 
•224 



Net 
Area. 



Depth 



69-506 
] 68143 

] 67-919 

] 69-282 

] 67-991 

] 69-282 



Whole Depth, &c. 



Inches 



06-3 
02-0 

02-8 

353 

03-4 

28-0 
028 



80-6 



Content 
in 

Gallons. 



' 



437-8878 
136-2860 

1901732 

2445-6546 

2311694 

1939-8960 
105- 



5486-0670 



The preceding work may be formed into a table of dry inches, as follows : 

Dry Inches. Dry Inches. Dry Inches. 

FuU -5486-067 '^ 
69-506 

.. 5416-561 



V 

6- 
•3 

6-3 

•7 



•3 

8-3 

•7 



5069-031 

20-8518 

5048-1792 
47-7001 

5000-4791 
68-1430 



4932*3361 
20-44 29 

4911*8932 
47 5433 



9- .. 


4864^3499 
67-9190 


10^ .. 


4796-4309 
67-9190 


11- .. 
•1 .. 


4728-5119 
6-7919 


11^1 .. 
•9 .. 


4721-7200 
62-3538 


12- .. 

46- .T 
•4 .. 


4759-3662 
69-2830 

2303-7782 
27-7128 


46-4 .. 
•6 .^ 


2276-0654 
40-7946 



47- .. 


2235 2708 
67-9910 


48- .. 


2167-2798 
67-9910 


49^ .. 
-8 .. 


2099-2888 
54-3928 


49-8 .. 
•2 .. 


2044-8960 
13-8564 


50^ .. 

77- .7" 

•8 .. 


2031 0.96 
69-2820 

160-4256 
55-4256 


77-8 or > 
Drip, i 


105- 



The foregoing table is constructed to show the quantities at 06^3, 08'3, 
11-1, 46*4, and 49*8 dry inches, so as to take up, distinctly, each section 
ipto which the utensil is necessarily divided in gauging the same; the 
even inches, from 2 to 5, and from 12 to 45, and from 51 to 76, wbiqh are 
calculated upon the same principle as the tabulation in page 215, are 
omitted for the sake ol conciseness. 

The entry in the dimension book will consist of the area, at each inch of 
the depth. See page 216, &c. 

t3 
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To OAUOE AN IR&EGtTLAR MALT FLOOfi. If 0116 Of 

both of the ends or sides be slanting, take the length or 
breadth, not at the bottom or top, but through the middle 
of the slant or slants.* Obtain a mean of the depth, and 
find the content as directed by the former rules. If there 
be any other irregularity in the form of the floor, it most 
be divided into parallelograms, or other regular forms, and 
the contents of each part found separately, and added to- 
l^ether for the whole content. 



■y- 



* BXAMPLBS OF AN 1&KE6ULAB MALT FLOOB. 



m A 




(6.) Let A B C D 
"be the end of a piece 
of malt with slanting 
sides, to be mea- 
sured. 

Half way between A and C let a rule as m n be set up perpendicularly, 
and another as v x, perpendicularly, half way between B and D. Then 
extend a tape from r to *, or from m to r, parallel to r s, regarding r « as 
the breadth of the floor. In like manner the lengths must be taken if the 
ends be slanting. Then from ten or more dips with a ganging rod and 
brass plate deduce a mean breadth, and calculate the contents as directed 
in p 183.— TZey'f Gauging. Or, fix the tape at the innermost sloping edge 
of one end (as D) by putting 
your dipping piece through «» 

the ring; then extend the D 

tape in a horizontal direction, 
D B, to the outermost sloping 
edge of the opposite end of 
the floor, which may be found 
by dropping a few grams of com, and you wiU then have one length of the 
floor ; for what is lost in the length at one end wiU be gained at the other. 
In other respects proceed as before.— M>&e«'* Oauging, 

(7.) Let M N O P 
be the ends of a piece 
of malt, having one 
side slanting, and the 
other against a per- 
pendicular wall. 

Set up a rule at oneendperpendicularly, half way between MandO, and 
extend the tape from r to #, and proceed in other respects as fai the former 
example. 
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To OAUQE A SHIP. — ^When the vessel is dry, measure 
the length on a straight line along the tahhit of the keel 
of the ship, from the hack of the main stem post to a per- 
pendicular line, let fall from the fore part of the main 
stem under the howsprit ; from this leiigth suhtract i of 
the extreme hreadth, and the remainder will he the length 
of the keel for tonnage. When the ship is afloat, let fall 
a plumh line over the stem of the ship, and measure the 
distance between this line and the aft part of the stern post 
at the load-water mark ; then measure from the top of the 
plumh line in a parallel direction with the water, to a per- 
pendicular point immediately over the load water-mark at 
the fore part of the main stem ; from the last measured 
^stance suhtract the former, and the remainder will be 
the ship's extreme length. From this length deduct 3 
inches for every foot of the load-draught of water for the 
rake abaft, and also f of the ship's extreme bi«adth for 
the rake of the stem, and the remainder will be the true 
length of the keel for tonnage. To find the breadth, whe- 
ther the vessel be dry or afloat, measure from outside to 
outside of the plank, in the broadest part of the ship, 
whether above or below the main wales, exclusive of all 
manner of doubling planks or sheathing, that may be 
wrought upon the sides of the vessel. Then multiply the 
length of the keel, in feet, by the breadth, and this product 
by half the breadth ; divide the last product by 94, and 
the quotient vrill be the tonnage orf the vessel.* 

* Some writers on this subject divide by 100 instead of 94 for king's ships. 
On the same principle the divisor for merchant's ships should be de- 
creased perhaps to 90 or 93. — Nisbett*t Gauging. 

But the most correct mode of gauging a ship is by displacement. See the 
report of the House of Commons on Shipwrecks, 1836. Divide the cubic 
feet which a ship displaces in sinking from the Ught water-mark to the 
{Odd water-mark| by 35 ; the quotient is the vessel's true burthen.— Aw6e<<'« 
Gauging, 



THE EXCISE OFFICEK 



[b. 



4. 0/ Stills. 
Stills sre of difierent forms, but the principle upon 
which they are all constructed, may be understood by the 
following figure, which represents a still of the old and 
common description. 



A is the body of the stiU, or the copper in which the 
wash is boiled for distiUation; B is the furnace for heat- 
ing the liquor ; C is the still head ; D is the worm through 
which the spirit escapes in vapour, and E is the worm tub, 
or refrigerator ; and F the receiver. The parts of a still 
which require to be gauged, are the body and head. The 
body is (in the old form of still) frequently in the form of 
a round copper with a rising crown, and with a globular 
dome or top. The head is a compound figure. 

To OAUGB THE BODY OF A STILL.* — Take the true dis- 
tance from the centre of the crown, to the centre of the top 

<1.) Let the tbove figure Arepreaeatthebodyofaititl tobeeiugeduxl 
tmbnlated ; and ■uppoae the dimenalonx takea mccording to the ftboY« rule 
(o beeipreaied. (ogetherwith(he«euaiidcoateiil,mtbofoUowuistable; 
idd that there «« inenmbruicei to be deducted : t1i. 

A Round Spladle, length 4S-aiachei. diameler OS -0. uM -OllSgmllDn.to 
be taken ftom ever; put ot the depth, except (he bottom inch. 

One Croii Bar, length 1070 inchea, breadth Ol'S. depth 03 0, area '4630 

Two Croat Bars eacb, length M-0 incbea, btoftdth m% depth OO'B, area 
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of the globular part, and the internal depth (exclusive of 
the rising crown) will be obtained. From each part, 
where the globular part commences, extend a line as a 
diameter, and measure the distance from such line to the 
top of the rising crown ; which distance, taken from the 
whole part, leaves the altitude of the globular part. Quar- 
ter the still at the bottom and at the diameter where the 
globular part commences, and take cross diameters in the 



1*2983 gallons, to be deducted from the lower six-tenths of the fourth inch 
from the Crown. 

Four upright Bars each,length 21-0 inches, breadth 02*0, depth 00*6, area 
Hms gallon* to be deducted from the lower twentj-one inches. 

All the other Incumbrances, such as Sweeps, Chuns, &c. inunersed in 
the liquor, required to cover the crown. 

Mr. A. B.'s Wash Still, gauged October 11, 1834, by C. D. K F. and O. H. 



i 


Cross 
diameters 


Mean 
Diameters. 


Incumbrance. 


Gross 
Area. 


Net 
Area. 


Content 

in 
gallons. 


1 

30-7 
1041 


2 

30-7 
104-1 


Depths 


Area. 


15-0 { 


30-7^ 
104-U 


150 


-0113 


Globular 




256-4710 










C 


00-5 


-0113 


'\ r 


32-4794 


16-2397 


08*5 


1078 


106-4 


lOTlJ 


030 
04-0 


•4743 
•0113 


V32-4907) 


32-0164 
32-4794 


960492 
129'917( 






c 


01-0 


•0286 


\ / 


32.4621 


32 4621 


10-0 


102-6 


103-4 1030 


100 


-0286 


30-0507 


30 0221 


300-221( 








{ 


06-4 


•0286 


\ r 


24-1028 


154-2575 


100 


92-6 


92-0 


92-3J 


00-6 
020 
010 


1-3269 
-0286 
-0173 


V 24-13145 


22 8045 
24-1028 
24-1141 


13-6827 
48-2056 
24-1141 




Ijrown per Mea 


Aure 




770000 


Co 


ntent.. 


43-5 


Pep 


th 








1148-6209 



Let D £ F G represent the globular part of the 
still. 

From the square of half the bottom or greater 
diameter F G, subtract the sum of the squares of 
half the top diameter D E, and the altitude of the 
£rustum B C ; divide the remainder by twice the 
■aid altitude, and the quotient will be the distance 
(C A) of the greater diameter from the centre of 
the sphere; the square of which, added to the 
square of half the greater diameter, gives the 
•quare of G A, the semi-diameter of the sphere. 
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qiiddie of every 6, 8, or 10 inclies, in maimer directed for 
gauging a copper with a rising crown. Find the areas of 
the respective parts, and multiply the same by their cor- 
responding depths, for their contents as. cylinders ; which 
contents added together, and to the contents of the globu- 
lar part, and the quantity of liquor required to cover the 
rising crown, will give the content of the body of the still. 

The square of the semi-diameter being obtaiaed, the segment is inched 
as follows. 

To twice the difference of the squares of the semi-diameter O A, and 
the distance A B diminished one inch, add half the square of the less dia- 
meter D £ ; to this sum add two thirds of the square of the altitude m B, 
that is, -6666; this last sum multiplied bj 00283257, gives the content of 
the first inch in imperial gallons. 

From the square of the semi-diameter O A subtract the square of A B 
diminished two inches, and from twice the remainder, take half the 
square of the top diameter D E; multiply the remainder by *00283297, 
and add the product to the quantity contained in the first inch, the sum 
will be the content of the second inch. 

Let the product last mentioned be reserved, from which take '02266056, 
reserving the difference, which add to the quantity contained on the se- 
cond inch, the sum will be the quantity contained on the third inch. From 
the reserved difference take -02266066, add the remainder to the third inch ; 
the sum gives the quantity upon the fourth inch ; and in like manner pro- 
ceed to find the quantity upon every inch of the globular part, thus : — 

15-35» = 235-6225; 15* = 225, and 5205s = 2709*9025— (235*6225 -f- 225) 
= 2709 2025 — 460-6225 = 2248-58-f-30 = 74-9d266(=A C) +15 = 89*95266 
(= A B ;) then C G« (= 27092025) + C A« (= 6617-9012) = 8327*1037 
= AO*; then 8327-1037 (= A G« ) — 79125757 (= A m« ) = 414528 x 2 = 
829*056 -f 471*245 (= 4 of D E«) = 1300301 -f 6666 (= ^ of B m«) = 
1300*9676 X *00283257 = 3-68508179 Content of first inch. Also 8327*1037 
(= A 0«) —7735-6704 ( = A n« ) = 591-4333 x 2 = 1182*8666 — 471*245 
(= 4 D E« ) =-= 711-6216 X -00283257 = 201571799 = reserved product to be 
added to the first inch ; then say Area of Net 

Incumbrance Content 

Subtract -0226 Add 20157 



Add to 2nd Inch 1-9931 2nd Inch 5-7007 .. 5-6894 

*0226 l-99;il 



Add to 3rd Inch 1-9705 3rd Inch 7*6938 . . 7*6825 

The operation is continued in this way i 000^*00 oa.o«AA 

to the 15th Inch, which Is .§ ^^^ - 29*8369 

Content of the Globular Part. .... .256-4710 
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To GAUGE THE BODY OP A SMALL STILL. When the 

Still is too small to admit a person getting inside thereof 
to take the internal dimensions, the most eligible method 
of ascertaining the content of the body, is by filling it with 
water from a known measure. 

To find how much the still will contain, at every dry 
inch from the gauging or dipping-place, proceed as fol- 
lows : — After having filled it with water to such dipping- 



The method of inching the body of the still below the globular part, is 
the same as that already described for inching a wash back. To ascertain 
the quantity at every inch of the globular part, proceed as follows : 
METHOD OF TABULATING THE STILL. 



Dry 

Inches. 

Full 1148*e809 
8-6737 

1 1144-9472 
5*6894 



8 



3 



6 



S 



9 



10 



11 



12 



13 



14 



1139-2578 
7-6825 

1131-5753 
9-6530 

1121 '9283 
116009 

1110-3214 
13-5262 

1096-7952 
154289 

1081-3663 
17-3090 

1064-0573 
191665 

1044-8908 
21-0014 

1023-8894 
22-8137 

1001-0757 
24^34 

976-4723 
26-3705 

950-1018 
28-1 150 

921-9868 
29-8369 



Dry 

Inches. 
15 8921499 



J* Ist Area ^ 

» 2d Areai 

ITT 



16 

17 
18 



,*_ Ist Area , 
.\-2d Area 5 



^ 3d Area^k 
* 4th Area 5 

To 

.^_ 4th Area -t 

I 1 

^&_ 5th Area 5 



19 

20 
21 

22 



32 2479 

859 9020 
32-0164 

827^8856^ 

795-8692 

82-2479 

763-6213 
32-4794 

7311419 

698-6625 
32-4794 



23 

84 

25 
26 

27 
28 

29 
30 



666-1831 
32-47075 

633-71235 

31-2421 

602-47025 
30-0221 

572^44815 

542-42605 
30-0221 

512-40395 

482-38185 
30-0221 

452^35975 



Dry 
Inches. 
31 392-31596 



S3 



J* 5th Area ^ 
1*^ 6th Area 5 



33 



,.»^ 6th Area ^ 
i" 7th Area 5 

1 



&_ 7th Area, 

1 u i 

* 8th Area 5 

1 



* 8th Area, 
,» 9th Area 5 



V 9th Area 



422-33765 
300221 



362-29345 
300221 

332-27135 

87 06245 

305-2089 
24-1088 

2811061 

257-0033 
24-1028 _ 

23 2-9005 

208*7977 
24-1028 

184-6949 
23-97295 

160-72195 
83<45365 

137.2683 
24-1028 

113-1655 
24-10645 

89-05705 
12-05705 
43-5 77-0000 



84 

35 
36 

37 

38 

39 



40 

41 
42 

43 



To cover the crown 77" 
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place, in the manner described, draw off the water into a 
known measure, until the surface of the water remaining 
in the still be one inch from the dipping-place ; deduct the 
quantity drawn off, from the full content of the body of the 
still, and the remainder will be the content of the still at 
one dry inch. Proceed in like manner to find the content 
at every dry inch, until the crown only remains covered ; 
deduct the whole quantity drawn off from the whole con- 
tent of the body of the «till, and the remainder will be the 
quantity required to cover the crown. 



Table of the SOU at entered in the Table Book. 



■< a 

Fnll 
1 
8 
3 
4 
5 
6 
7 
8 
9 

10 

11 


• 

1 

1149 
1145 
1139 
1131 
1188 
1110 
1097 
1081 
1064 
1045 
1084 
1001 


Area 

of a 

Tenth. 


^1 

18 
13 
14 
15 
16 
17 
18 
19 
80 
81 
88 
83 


1 

O 

976 
950 
988 
898 
860 
888 
796 
764 
731 
699 
666 
634 


Area 

of a 

Tenth, 


24 
25 
86 
87 
88 
89 
30 
31 
38 
33 
34 

T< 


• 

608 
572 
548 
518 
488 
458 
488 
398 
368 
338 
305 


Area 

of a 

Tenth. 


''•I 

35 
36 
37 
38 
39 

40 

41 

48 

43 

43-5 

own. 


• 

• 
1 


Area 

of a 

Tenth. 


•367 


8-460 


iV 3-846 
iV 3002 


881 
857 
833 
809 
185 


8-410 


2-637 


3^W2 

• 


•568 


8-811 


•768 


8-983 


•965 


IT 3-847 
IT 3-201 


161 

137 

113 

89 

77 

77 


B _ • 1 


1'160 


IT 8-410| 


3-801 


IT S^oUl 


1-358 




IT 8*8801 
IT 8-410 


iV 3-801 
iV 3-847 


1-542 


8*410 


1-730 


3-247 


, T 8-410 
IT «-4ll 


1-916 


IT 3002 
IT 2-410 


8100 


iV 3-247 
A 3-246 


2*411 


8-881 












)Co^ 


'ertheCr 



StillB in whkh gauges are taken, hare usually a cylindrical tube fixed 
in the breast thereof, and elevated some inches above the top of ths 
globular part, where the table commences ; in such eases, instead of the 
table beginning at full, as in the preceding example, it must begin at the 
number of inches the top of the tube is higher than the top of the globular 
part. But where no such tube is fixed, the gauges must be taken fh)m 
the lower part of the proper hole, or opening in the breast of the stilL 
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To GAUGE A STILL-HEAD.* — Take the dimensions in- 
ternally, if the head is sufficiently large to admit of it ; 
and if not, take the same externally, said allow for the 
thickness of the metal. Divide or reduce the different 
sections into figures which can he measured mathematically, 
and calculate the contents separately, adding the whole to- 
gether for the content of the head. 



* BXAHFLB OF A WASH STILL-HEAD. 



(2.) Let the upper part of the » — 'j- — 13 i. — j^^ 

Annexed figure represent the / ^ V" - i * 

bead of the stiU, the body of / \ ^-^ 

which was the subject of the ^^ I ^LuJ 

preceding example, and sup- 2^!^... ^? ZZa. 

pose the dimensions of the se- V^ ^ ' / 7/ 

veral parts to be as follows : V^«^-«-aWs-;;----.«r 

Ut. Section— Frtutum of a Cone. (See page 129 J 
Inches. 

Top Diameter 13-7 i Incumbrance Net Content 

Bottom 30*7 > Depth Area in Gallons. 

Altitude 390) 390 0113 56-7380 

Incumbrance — A Spindle, the whole Altitude, 
diameter 02 inches, area -0113 gallon. 

2nd Section— A Cylinder. (Seepage 120.^ 

Circumference sl-Q i 

Diameter 11-7 > Inches 85294 

AltUudo 220) 

3rd Section— A CvRnder. (See page 120. J 

Cir<iumference 67-0 ) 

Diameter 181 J-Inches 20-4138 

Altitude .i 220) 

4ilh Section-^Frttstum of a Sphere. (Seepage 139. J 

Top Diameter 100) 

Bottom do 18l}-Inches ; 48823 

Altitude 070 ) 

5/* Section— Frustum of a Sphere. (Seepage 139.^ 

Top Diameter 181 i 

Bottom do 0405- Inches 48600 

Altitude (i8-0) 

fath Section— A Cylinder. (Seepage 120 J 

Circumference 12-8 ) 

Diameter 040 VInches i 1-0872 

Altitude 24-0) 

1th Section— A Cylinder. (Seepage 120. J 

Circumference 31-6 ) 

Piameter 100 J-Inches 10-1952 

Altitude 360) 

Head 106 7059 + Body 1148-6209. Content of StUl 1255-3268 

It is usual to consider the lower part of a still-head as consisting of 
two frustums of a sphere, and the middle part of a spheroid ; but mea- 
surement by cross diameters is preferable. — Nisbett'i Gauging. 
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III. CASK OAUOING AND ULLAOINO. 

Casks are close circular vessels usually bulging out in 
the middle, and tapering towards the ends, which are flat- 
tened. The art of finding the contents of casks is usually 
considered to be the most difiBcult part of gauging, in con- 
sequence of the various and uncertain forms whjch these 
vessels assume, and because the dimensions are necessarily 
taken either wholly, or in part, at the outside» 

1 . Of the Diagonal Rod,* 

If all casks were formed upon the same principles (whicli 
they ought to be,) and were not subject to change, a very 
ready mode of finding their contents could be devised; 
as their diagonals would be in certain proportions to each 
other; according to the proposition, that all similar solids 
are to each other as the cubes of their like lineal dimen- 
sions. Upon this principle was constructed the gauging- 
rod or stick, from the use of which, the term " gauging," 
probably arose ; and which is still used occasionally, when 
no great accuracy is required. It 
is graduated with a line of inches 
and tenths, and another of gal- 
lons and tenths, called a diagonal 
line ; and its application is easy, 
it being only necessary to insert 
the rod into the bung hole of the cask in such a manner, 
that the extremity of the rod may meet the head where 




* OF THB 0IAO0NA.L BOD. 

This rod, which is now usually denominated the diagonal rod, or dipping 
rod, being 4 feet long, and divided into four equal parts by joints, was origi- 
nally constructed as follows. The bung and head diameter and length of a 
cask, such as best agreed with the most general form of casks, were first 
carefully taken in inches and tenths, and its variety ascertained. Then 
the square of half the length was added to the square of half the sum of 
the bung and head diameters, and against the square root of that luin 
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it intersects the staves of the opposite side of the cask, (as 
A F) and the content will be exhibited in gallons on the 
diagonal line, reckoning from the end of the rod to the 
centre of the bung-hole. 

Casks are, however, not formed upon the same prin> 
ciples, nor upon any common principle whatever, and, they 
are subject to alteration by use, pressure, and other cir- 
cumstances ; and, as the diagonal rod is constructed for 
casks of one particular kind only, its use must necessarily 
be very limited.* 

measured on a straight rod or rule, were placed the true contents of the 
cask in gallons, found by the proper rule in the mensuration of solids. 
Then by the nature of sinular solids, as the cube of the diagonal is to the 
content of the cask in gallons, so is the cube of any other number (or di- 
agonal) proposed, to the content of any other similar cask, answering to 
the same diagonal. — Mosg't Gauging. 

It is found by experiment, that a cask containing 144 imperial gallons, 
has a diagonal of about 40 inches : therefore 144 on the rod is placed at 
^ inches: and since the contents are as the cubes of the diagonals, 144: 
403 = 64000 : : 114 : 50666^, the cube root of which is 37 ; therefore 114 is 
put at 37, and in the same manner any other number of gallons may be 
placed upon the rod, corresponding with the Jine of inches. — Ingram's 
Mathematictt p. 234. This graduation, however, is rather higher than the 
diagonal rod in common use, as will be seen by the table in a subsequent 
page. 

To find the content qfaccuk hy the rod. — Put in the end covered with brass 
at the bung, and extend it to the opposite corner of the head, and mark 
the gallons and parts at the middle of the bung; then extend it to the other 
head of the cask, and mark the gallons and parts. Half the sum of these 
two (if they do not agree) will be the content of the cask. 

The way in which the graduation is made, will be seen by the table just 
referred to, by the use of which, a common cask may be gauged with a 
carpenter's rule and walking stick; for the length of the diagonal being taken 
in inches and tenths, the table will shew the content in the column oppo- 
site to the number found. 

Nearly the same result would be produced by the pen as follows. To the 
square of half the length of the cask, add the square of half the sum of the 
diameters, to get the square of the diagonal ; this multiplied by its square 
root, and divided by 444 \ gives the content. 

* Mr. Moss has given the particulars of sixty-one different forms of sphe- 
roidal casks, and forty-seven forms of other casks, the contents of which 
can be truly obtained by the diagonal rod, supposing it to be properly 
graduated. The spheroidal fdrms are exhibited in the following table, 

U 2 
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2. Of the different varieties of Casks, 
Although casks are of no exact geometrical form, 
they are measured as if they w'ere so ; and for this purpose 
they have heen usually divided into four different varieties^ 
or classes, corresponding with the sohds to which they hear 
the nearest resemblance, viz : 
1st variety. The middle frustum of a spheroid, 
2d • • The middle frustum of a parabolie spindle, 
3d . . The lower ^ustums of two equal parabolic 

conoids, joined together at the greater ends. 
4th . . The lower frustums of two equal canes, joined 

in a similar manner. 
And alL casks of whatever construction, have usually 
been taken to constitute one of these varieties, and gauged 
accordingly. Thu^, when a cask has been found to be 
much bent or arching between the middle (or hang diame- 
ter,) and the ends, (or head diameters,) it has been con- 
sidered to be the middle frustum of a spheroid — or of the 
first variety. When 'the curvature between the middle 
and ends was found less arched or bent, the cask was con- 
sidered to be the middle frustum of a parabolic spindle — 

the first eolunm shewing the quotient of the head divided by the hung, 
and the second, the quotient of the head divided by the length. 



Ixi 




n 




pq 




P3 




•1- 


H-r-L. 


•1- 


H^L. 


•1- 


H-f-L. 


•1- 


U^h. 


■60 




t2j 
•68 




•76 




•84 




•328 or •911 


•386 or ^884 


•452 or ^838 


537 or •786 


•61 


•334 or -910 


•69 


•394 or -878 


•77 


•461 or ^832 


•85 


•550 or •7« 


•62 


•341 or 908 


•70 


•402 or -872 


•78 


•470 or ^826 


•86 


•564 or -768 


•63 


•349 or 906 


•71 


•410 or -866 


•79 


•480 or -820 


•87 


583 or 750 


•64 


•356 or -903 


72 


•418 or -861 


•80 


•490 or -814 


-88 


•607 or •72< 


•65 


•363 or 900 


•73 


•427 or -856 


•81 


•500 or ^807 


•89 


•636 or •eSJ 


•66 


•370 or -895 


•74 


436 or -850 


•82 


•512 or 800 


•90 


nearly •670 


•67 


•378 or -890 


•75 -444 or ^8441 


•83 


•525 or -793 




1 



Thus if the quotient of the head diameter of a spheroidal cask, divided 
by the bung, be *85, and the quotient of the head, divided by the length, be 
either '56 or -78, the true content will be obtained by ft properly graduated 
diagonal rod ; and so of any of the others. 
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or of the second variety. When the curve or arch between 
the middle and ends was very small, the cask was consi- 
dered to constitute the lower frustums of two equal para* 
boloids, — or to be of the third variety ; and, when there 
Was no curvature at all between the middle and ends, the 
cask was considered to form the lower frustums of two 
equal cones, — or to be of the fourth variety. These varieties 
are, however, in a great measure arbitrary, there being in 
truth no defined species of curve between the head and 
bung ; and most writers on this subject agree that casks 
are seldom, if ever, found so much curved as. the frustum 
of a spheroid, or so straight as two frustums of a cone ; 
and Mr. Moss considers that there is never found so sharp 
an angle or ridge in the middle. of E 

any cask, as there would be if it y^^^l^^^^ 

was formed of two frustums of a o\]} -;• -f'H 

parabolic conoid. It is indeed evi- B^^>^ i^,.,^^^ 
dent from an inspection of the F 

figure, that the principal dimensions of any cask (as the 
head and bung diameters and length, A B, C D, E F and 
G H) may be exs^ctly the same as those of another, yet, by 
reason of the curvature of the staves, the contents of the 
casks may differ from each other by a very large quantity. 
Dr. Hutton mentions another variety, which he con- 
siders to be the nearest approximation to casks in general. 
This variety is made up of a compound formation ;* the 
middle third of the cask being taken as of the second va- 
riety, with an equal portion on each side of the simple co- 
nical form. This kind of cask may be called, for the sake 
of distinction, HuttorCs variety. 



* The idea is said to be taken from the method used by workmen in con* 
stmcting casks, but there is little doubt that the division oi the axis int» 
ec^ual thirds is purely arbitrary."— ^oo//gar. 

U 3 
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Dr. Young operated upon twenty-one casks, whose di- 
mensions had been carefully determined by an officer of 
customs, and their contents, according to Mr. Wooilgar, 
agree best with a form lying between the second variety 
and Dr. Hutton's. Casks of this description may, for the 
purpose of the present work, be called Young' t variety J* 

The great difficulty is in determiiling to which of these va- 
rieties any given cask bears the nearest resemblance. Mr. 
Moss has indeed given rules for distinguishing several of the 
varieties of casks from each other ;f but these rules do not 
appear to have obtained to any great extent in practice. 

If an exact middle diameter, at equal distances between 
the head and bung, could be obtained, the necessity of fix- 
ing upon a particular form or variety for the cask would 
be lessened, if not altogether removed ; as with this dia- 
meter and the other usual dimensions, the content could 
be determined to the greatest nicety in almost every case, 
by a general rule which has been laid down in the mensu- 
ration of solids, and which is found to answer for almost 



* " The number of vessels used by Dr. Young seems not sufficiently great 
to command confidence."— TooUgar. It is indeed quite futile to attempt 
to set up any one kind of casks, as a standard for all others. 

t Mr. Mo88*8 rules for finding the varieties of casks»are in substance, as 
follows. Let i of the internal length of the cask be set off firem the bulje 
C towards each head, on a plumb line, 
if the cask be standing, or on a rod, 
if it be lying ; (i. e.) let C m be equal 
to \ of the internal length of the cask. 
Then if the perpendicular distance 
(tnn) from the line or rod to the cask 
be equal to i of the difference be- 
tween the bung and head diameters, 
the cask is extremely near (if not 

exactly) the form of the middle frustum of a parahoUc spindle, or of the 
second variety ', but if it be less than ^ of the difference of the head and 
bung diameters, the cask will be greater than the middle frustum of a pa> 
tabolic spindle ; and therefore may be taken as a tpheriodtd cask, or of 
Che first variety. And if the distance (mii) be greater than \ (and less 
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all solids whatever their form may be ; but tbe difficulty of 
obtaining such a middle diameter at tbe inside of a cask 
has prevented any extensive use being made of this gener 
ralrule.* 

In the practice of the revenue the contents of all casks 
are calculated by the rule applicable to the first variety or 
the spheroidal form ; and should any cask be considered to 
deviate from that form, a deduction in the length is made, 
so as to reduce it to a spheroid, as nearly as possible. This 
necessarily leaves much to the judgment and experience of 
the ganger ; and the practical officers usually consider that 
the necessary knowledge in this respect is to be acquired 
only by verbal instruction and observation. The com- 
missioners of customs have indeed furnished their officers 
with tables of allowances for different kinds of casks, but 
these tables are designed solely for the private information 
of their officers, at who^e discretion the allowances are to 
be departed from or changed, so as to adapt them to the 
actual and ever-varying forms of the casks to be gauged. 

than i) of tbe difierencci of the two diameters, the cask being then less 
than a parabolic spindle, may be considered to be the middle frustum of 
an hyperbolic spindle, 

* Mr. Symons, Mr. Moss, and other writers, give rules for finding a mid- 
dle diameter of casks^ which are in substance as follows : 

Get a ring to fit your gauging rod so as A 

to slide up and down at pleasure ; file a 
small notch in the inside of the ring for a 
plumb line to move up and down ; mea- 
sure the diagonal A B, which suppose 35*6 
inches ; then fix the ring and plimib line 
on the gauging rod at (*} equal to half the 
diagonal, viz : 17-8. Put the rod again into 
the cask, and when the plummet touches 
the bottom at e, take out the rod, holding the thread close to it so that it 
may retain its position. Measure the distance (•) e, which suppose = 16*7; 
this r^erve. Then from half the bung diameter subtract one fourth part of 
the difference between the head and bimg diameters. The remainder suV 
tract from the reserved number ; add double the remainder to the head 
diameter, and the sum will be the middle diameter required. 
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3. Of taking the dimensions. 

In order to gauge and ullage a cask, it is neces- 
sary, in the first instance, to obtain the following dimen- 
sions as Dearly as possible, in inches and tenths : 1st. the 
bung diameter ; 2nd. the head diameter ; 3rd. the length ; 
4th. the wet inches. For the purpose of taking these di- 
mensions, the officers at the port, and at various other 
places, are furnished with four instruments, viz., a pair of 
long callipers, a pair of cross callipers, a bung rod, and a 
head rod ; the use of which will be seen by the following 
rules. 

When there are a number of casks to be gauged upon 
the same attendance of the officer, they are required to be 

Another method of finding the middle diameter is to measure the dis- 
tance between the cask, (at \ of its length at each side of the bung) and a 
horizontal line or rod stretched or laid across the cask; (vi»., the distance 
between m and n, see the figure in page 222,) and to deduct such distance 
Arom the internal bung diameter ; this will give the internal middle dia- 
meter nearly. 

The middle diameter may also be found by boring a hole, or by taking 
the circumference at one fourth part of the perpendicular length of the 
cask ; or, if the end of the vessel be out» the diameter may be obtained by 
actual admeasurement. (See page 192, &c,) 

The general rule referred to in the text for finding the contents of a cask 
by means of a middle diameter, will be found in page 132, and its applica- 
tion to casks will be seen by the following example. 

Suppose the length of a cask to be 40 inches, its bung diameter 32, 
its head diameter 24, and its middle diameter 30*2 inches. What is the 
content ? 

(32« + 24« -\- 60-4«) X 40 X -0004721 = 99106 Gallons. 
Or thus, by the Table of Circular Areas. 
Middle diameter 30-2 Area 2*5834 x 4 = 10-3336 

Bung diameter 32 Area 2*9005 

Headdiameter 24 Ai^a 1*6316 



14*8657 X 40 -r 6=99-104 GaB. 
This result proves the cask to be of a spheroidal form, of which the mid- 
dle diameter may at any time be found, by adding the square of the head 
diameter to three times the square of the bung diameter, and \ of the 
amount will be the square of the middle diameter required. Should the 
middle diameter, found by admeasurement, be less than the diameter 
found by this rule, the cask is less than a spheroid. 
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placed (particularly on the quays) in regular rows, with 
their bnug holes uppermost, and each cask exactly level 
and upright, and at such a distance from each other as to 
allow room for the play of the cross callipers, and fo admit 
the officers to pass freely between them. It must also be 
ascertained whether the bung-hole be in the middle of each 
cask, and that the bung stave, and the stave opposite to 
the bung^hole, are both regular and even within, and 
whether the heads of the casks are equal and truly cir- 
cular. 

The order in which the dimensions are taken is not of 
much importance ; but the usual practice is to find ; 1st, 
the cross bung diameter ; 2nd. the back head diameter; 3rd. 
the perpendicular bung diameter and wet inches ; 4th. the 
length ; and 5th. cross diameters of the front head. A 
mean of each dimension is obtained (when more than one 
is taken) and chalked on the front part of each cask, from 
which the particulars are afterwards transferred to the offi<t 
cer*s book ; and the content and ullage of the casks are 
calculated from such dimensions.* 

To FIND THE HEAD DIAMETER. — Placc the lower edge 
of the crooked brass which is on the end of the head rody\ 
within the chimb of the cask close to the head ; then move 
the slide until the brass index intersects the middle of the 
opposite chimb, about |- up the chimb. This will give the 
internal head diameter of the cask, on the lower line of the 
stock, directly opposite to the index on the slide. 



* Each cask should be turned at least half over and examined ; and eac^ 
tier cross and back headed before the dimensions are taken. 

+ In default of a head rod, measure with a rod or tape the distance be- 
tween the inside of the chimb closp to the head, and the outermost sloped 
edge of the opposite stave, and this wUl generally be the head diameter 
rery nearly ; although something will of course depend on the thickness 
of the staves which must be provided for accordingly. 
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To FIND THE BUNG DIAMETER. Lay the CTOSS CuUi- 

pers* over the bung hole of the cask with their legs down- 
Wards, and contract them until they touch the bulge of the 
cask on* each side, when the external bung diameter will 
be shewn on the stock of the callipers. Take two other 
horizontal diameters in other parts of the centre, and chalk 
the mean or average, as the cross, on the side of the bung, 
after deducting the thickness of the staves. With the bung 
rod examine the bottom and sides to ascertain if there are 
any irregularities in the staves or^form. If the cask ap- 
pears fairly made, take the mean of the horizontal and 
perpendicular diameters for the bung dimension. Should 
two or three of the staves at the top or bottom of the cask 
appear flattened, and the rest of the cask circular, add to 
the perpendicular found as many tenths of an inch as the 
fitaves are considered to be depressed ; and then take the 
mean for the bung diameter. If, on the contrary, two or 
three of the staves at the bung appear forced up, so as to 
make what is termed a cocked bung, — or if the rod has 
little play at the bottom of the cask, deduct from the per- 
pendicular found, as many tenths of an inch as the case 

* If there be no cross callipers, the bung diameter of a standing cask maj- 
be found by laying a rod across the head, and another, or a plumb line 
across the bung, perpendicularly with the j^ f ^ 

rod across the head, as A B C D ; then twice 
the distance A/or B e added to the distance 
/ e, will be the external bung diameter, 
from which the thickness of the staves must 
be deducted for the internal bung diameter. 
If the cask be lying, the same means may 
be adopted, in addition to which, the inter- 
nal bung diameter may be measured by in- 
troducing a rod into the cask at the bung 

hole, and measuring the diameter as di- 

rected in the text. Another method of find- C r 

ing the external diameter of a cask, is to measure the circumference, and 
divide the same by 3-1416. 
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seems to require, before taking the mean for the bung 
diameter. This bung diameter is taken, both in the cross 
and dip, as if the staves of the cask were one inch thick, 
and this thickness must be deducted- from the actual di- 
mensions ; but, in order to ascertain whether this is the 
actual thickness of a cask of irregular formation, (such as 
mm puncheons, brandy puncheons, madeira pipes, and 
other large sized casks,) it is necessary to bore occasionally 
in the centre of the stave, at about one third distance from 
the head to the bung, and also the head, in the piece next 
the centre ; ascertaining the thickness with the wood- 
gauge or graduated brass prepared for the purpose : and, 
should the staves be found to be more or less than an inch 
thick, the mean difference of the actual thickness must be 
added to, or deducted from the dimensions found, as before 
directed. 



bzamVlgs. 
(1.) The staves of a rum puncheon on boring average eight-tenths of an 
inch. There is then too little upon the cross by two-tenths each stave, 

viz : : . . 4 tenths. 

Upon the perpendicular ■ 8 

8) 6 

Mean to be added 3 

Bung found 32-1 

Bung diameter to be taken 32'4 

(2.) The staves of a Madeira pipe average twelve-tenths thick. There 

is then too much upon the cross. 4 tenths. 

Upon the perpendicular 2 

2} 6 

Mean to be deducted 3 

Bung found 28'7 

Bung diameter to be charged 28'4 

Great care and precision are requisite in taking the bung diameter, it 
being double the value of the head ; and hence fraud is not unfrequently 
- attempted to prevent the true dimensions being taken, which it is neces- 
sary for the officers to guard against. 
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To TAKE THE LENGTH. — Lay the long caUipers* over 
the bung hole of the cask perfectly level, with their legs 
downwards, and contract them until their ends come in 
contact with the heads of the cask ; first aUowing the 
outer limb to touch the back head, and then bringing the 
inner one gently up to the front head, taking care not to 
press the rule. The length of the cask will then be shewn 
on the stock, as the loYig callipers throw off two inches for 
the supposed thickness of the two heads. Take two other 
lengths, one on each side of the bung, so that the three 
lengths thus taken, may be at equal distances from each 
other ; divide the sum of these lengths by 3, for the mean 
length of the cask. If the content of the cask is to be cal- 
culated according to the rule for the first variety, or middle 
frustum of a spheroid, which is the practice, as well in the 
excise as in the customs, a proper aUowance"!* or deduction 
must be made on the length, so as to reduce the cask to 
the first variety. Casks imported from different countries 
vary much in their form and construction, and it is therefore 
necessary to vary these allowances and deductions accord^ 



• If the officer be not provided with 
long caHipers, he may apply a straight 
rod A B, to the bulge of the cask, and 
at right angles to it, tvro other rods, 
A D and B C, touching the chimbs at 
each end, and making A n equal to 
B m: then measure the distance from 
A to B, where the three rods intersect 
each other ; from this, subtract the 
depth of the chimb, and the thick- 
ness of both heads, as nearly as can be ascertained. The difference will 
be the internal length of the cask. 

t'A table of the allowances which it is usually necessary to make on the 
different kinds of casks, so as to reduce them to a spheroidal form wiU be 
found in a subsequent page ; but« for the reason given in the text, and in 
page 223, this table can only be used to assist the officer's judgment, and 
must not be considered as official or permanent. 
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ingly. An allowance in or addition to tlie thickness of the 
head, as shewn on the rule, must also be made, should it 
be found to exceed or be less than two inches.* 

To FIND THE WET INCHES. — Bring the lower end of 
the brass on the hung rod to the actual bung charged, if it 
be lowered ; and, after wiping the rule, re-dip it into the 
cask, taking care to hold the brass firm against the rule 
that it may not be forced up, and the true wet will be 
shewn upon the rod. If the bung be raised, there must 
be added to the wet inches shewn, as many tenths as it 
is raised. -j- 

* EXAHFLB. 

Let the annexed figure represent 
a port pipe with the long callipers 
in the act of taking the length of 
the cask over the bung hole, and 
suppose three lengths to be taken 
as follows, Ti2., 49-2, 48*8, 487 and 
their sum ^ 3= 48-d mean. 

Suppose it he considered necessary to add for the heads 30— 1*6 = 0*4 




And to deduct for the variety 

The true length as charged would be 48*7 




In practice, these calculations are made mentally, which shortens the 

operation. — NUhetfs Gauging. 

t The wet inches are to be taken as they are actually found in the cask 

without regard to the cask having a flat top, or cocked up bung, because, 
the compressing the cask into the true form, supposed to be done by the 

.allowance for the bung diameter, would neither raise nor depress the 
liquor in the body of the cask. If the bottom be flattened, there must be 
added to the wet inches shewn upon the rod, the same number of tenths 
which have been added to the bung, as the forcing the two staves into a 
circular Ibrm would not depress the liquor, although it would allow the 
bung rod to pass lower down, and consequently shew a greater bung and 
wet. Spirits being subject to expand, more or less, according to the dif- 
ferent degrees of heat, an allowance is to be made upon the wet inches 
in hot weather from 4 to 5 tenths, and in moderate weather from 2 to 4 
tenths, but nothing in cold weather. Upon wines an allowance is generally 
made for the swell of the rule, in hot weather, 2 tenths, and at other times, 
1 tenth. 

X 
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4. Of finding the content. 

There are various modes of finding the content of a 
cask ; the most common of which is by the head rod, or 
sliding rule ; but rules are subjoined for casting by the 
pen, should that mode of working be preferred or con- 
sidered necessary to check the instrumental calculation. 

To CAST the content with the head rod. — Set 
the brass, on the sliding piece, to the head diameter on the 
lower line of the rule ; then look for the bung diameter on 
the same line, and obserye what number it cuts on the 
middle line of the slide ; find the same number on the 
lower line of the slide, and immediately under it, on the 
lower line of the rule, is the mean diameter. Set the 
brass on the upper end of the slide, to the length of the 
cask on the upper line of the rule ; look for the mean 
diameter on the upper line of the slide, and over it, on the 
upper line of the rule, is the content in gallons.* 

* This is the old and official rule ; but it must be recollected that it onlv 
gives the content when the cask is of the first variety ; and therefore before 
the content is cast, the cask must either be ascertained to be of a spheroidal 
form, or reduced to that form by an allowance on the length. See page 32S. 

EXAMPLE BY THE HEAD BOD. 

(1.) Let the length A 6 of a cask be 50, 
head diameter C D =- E F 22-7, bung dia- 
meter O H 31*3 inches ; required its con- 
tent. 

Set the brass cock to 22-7, and im- 
mediately over 31-3, ud the middle or 
spheroid line of the sHdo, is G, Find 6 on 
the lower line of the slide w hich cuts 28*7 
(the^ean diameter} (iu the lower line of the rule; or (which is the same 
thing) add 6 to the head diameter. Set the brass end of the slide (which is 
the gauge point for ga lluus,; to 50-0 the length ; find 28-7 (the mean diameter; 
on the upper line of the islide, immediately over which is 116, the content 
in gallons. 

Should any one of the dimensions be thrown off the rule, use half the 
dimension thrown Gir, and double the answer. 

The contents of the ca'^ks in the table, infra, (page 246) having been cal- 
culated by the head rod, may be considered aa examples under this 
rule, and selections made therefrom for practice. 
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To FIND THE CONTENT WITH THE LINE X ON THE 

HEAD ROD OR SLIDING RULE. — Set the head diameter on 
A, to the bung diameter on B ; then opposite unity (or the 
index to X, on B,) is a gauge point on the stock or at the 
end of A (applicable to the particular variety of the cask,) 
which must be reserved. Set the reserved gauge point on 
D to the length on C, then opposite the bung diameter on 
D is the content in gallons on C* 

• EXAMPLES BY THE LINE X. 

(2) Suppose the dimensions of a cask are: length 40 inches, bung diameter 

32, and head diameter 24 inches ; what is i^s content according to the first, 

second, and Hutton's varieties, respectively ? 

On A OnB OnB OnX 

As 24 : 32 : : Index : 20*33 Gauge point for a Spheroid. 

Head Bung or Unity. 20*43 " 2nd variety. 

20-93 " Hutton's var. 

On D On C On D Content on C 

As the Gauge point 20-33 ) (99 Gallons, 1st variety. 



1 20-33 ) (99 Gallons, Ist variety. 

20-43 > : 40- : : 32- : ■{ 98 Gallons, 2nd variety. 
20-93 5 Length Bung ( 93-5 Gallons, Hutton's vai 



•5 Gallons, Hutton's variety. 
This is the easiest mode of computing the contents of casks which has 
yet been discovered, except Dr. Young's method which does not appear 
to have been completed ; and it is also the most correct mode, where only 
three dimensions are taken, and where instrumental computation is 
adopted. It likewise possesses the advantage of adapting itself to any va- 
riety, as will be best explained in the words of its inventor, Mr. WooUgar. 
(See page 179.) " Notwithstanding the various expressions of the rules for 
findixig the content of a cask, I find that they may all be brought into 

one general form, vie : C = 5— L B« (ar+ y js -{- zq) wherein r = 353*036, 

o r 

the cylindrical inches in a gallon, 9 = -15- and y and z co-efficients, the 

sum of which, together with x, is always equal to 3 ; and in the values given 

to these three quantities, the real difference between the rules consists. 

X y z 

1 Spheroidp,! form 2 1 

2 Parabolic Spmdular 1'6 0-6 0*8 

[Young's variety, (see p. 222) 1*4 0-6 l-O] 

Hutton's variety 1'3 0*83 0*87 

3 Parabolic Conoidal 1-5 1-5 

4 CJonical 1* 1* !• 

'* We may adopt any values we please for x, y, z (their sum remaining 
constant) that will give a content according best with the actual average 
of casks, and any person may easily obtain a rule of calculation corres- 
ponding with the average of 50 or 100 casks, which he may select as the 

foundation of the process, thus : Find the value of q, and also of =r~» 

X 2 
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To FIND TH£ CONTENT ON THE SLIDING HVhE. 1. 

If the line X is not marked on the sliding rule, the proper 
gauge-point may be found as follows : divide the head by 
the bung diametei, (which can be readily performed on tbe 
rule,) and under or over tbe quotient in the annexed dia- 
gram, will be found a gauge point applicable to the par- 
ticular variety of the cask, and which can be worked on 
the tines C and D, as directed in the foregoing rule.* 






iU 



lOr euh cuk leputtely ; then pnnoe Ibe e^P^ilc method for Hie deG- 
lHation of a regular curve, QBing the latter valaet aa ordinatea. and the 
former as abiciaaes ; the ordlnatea of the adjusted eurvea are aflerwardj 
to be analjied into the three tennii which conatltule the factor (x 
+ iq|. These behiK obtained, tbefDnnula furgraduatfiigtbeliueXiipaii 
► Bliding rule ii log { v^C — , ^^T' )— ^j.gbelngtbegansepoliil 



(3) LettliedhaeDsii 
Tli: H.a4,B.3S,L. 
Tarietiea. 

14-^33= -T5. Look for -75 in the lop line of the diagram. (leading 
from left to Hgbt;) and Immediately under it (reading [b>m right to left,) 
nill be found the following gauge pointa applicable to the particutar la- 
rletiea, and tg be uied u before, vii : 

OuD OnC OnD On C 
, 20-33 , ,K OaUons, Istvarietj. 

A» the \ !0 W i \3S Gallons, !nd vatielj. 

Oauge } aO'M }■ 40 : t Sa : J S3'S Oalloos, Huttan'B Tarietf. 
Point f ai-se \ J 90-6 Gallons. 3rd lariety. 
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Rule II. — Find the difference between the head and 
bung diameter on the edge of the rule, and against it on 
some rules (on lines called variety lines) is a number to 
be added to the head to get the mean diameter, which must 
be used as if the vessel were a cylinder, thus : Set the cir- 
cular gauge point for gallons (18*79) on D, to the length 
on C ; then opposite the mean diameter on D, is the con- 
tent in gallons on C* 

The gauge-points applicable to Dr. Button's Tariety of cask hare been 
published in several works on gau^ng ; and in Nisbett's gauging, they 
are represented as remarkably easy and expeditious ; but they do not ap- 
pear to haye been acted upon by the officers of the rerenue, partly be- 
cause all casks have been measured by the rule for the 1st rariety, and 
partly because they were not expressed on the rule itself, as they are at 
present by the line X ; see pages 179, 231. The idea of these gauge points is 
said to have been suggested by Mr. John Lowry, of the Military College, 
Sandhurst, (formerly an officer of Excise,) who, at the same time, gave a 
table of factors for multiplying by the square of the bung diameter, and 
by the length, to find the content. The formula may be expressed as fol- 

H 
lows : C =: B« L a?, where x is found from -:=- thus : x = -000031473 x 

15 

{39 + 35 (■^) « -h 26 (-5-) } . The fraction -=r- taken in succession at 

'50 '51 '52 &c. up to unity, is arranged in a table, and the quantity x (cor- 
responding to such values, and constituting the factors referred to) set 
opposite. The gauge points are the square roots of the reciprocal of the 
multiplier, and may be thus found by logarithms — i log a? = log. gauge 
point. The gauge points for the other varieties are found by a similar 
process. 

* BXAMPLB APPLIOABLB TO BULB II. 

(4.) The length of a cask is 45, the bung diameter 36, and the head 
diameter 27 inches ; what is its content for the Ist. and 2nd. varieties, re- 
spectively ? 

36 — 27 3= 9* Against 9 on the line of inches is 6*33 on the line marked 
spheroid ; and this sum added to 27, gives 33*33 : then 
OnD OnC OnD On 
As 18-79 : 45 : : 33-3 1413 GaUons. 

Against 9 on the line of inches is 5*75, on the line marked 2nd. variety^ 
and this added to 27 gives 32-75; then 

As 18'79 : 45 : : 32-75 : 136 GaUons. 

This rule, so far as relates to casks of the first variety, is nearly the same 
as that given for the head rod. 
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To FIND THE CONTENT BY THE PEN. — T. Multiply 

the difference between the head and bung diameters, 

^, .,. res"! and when C'7 1 flstl 
When It isj .^2 U ^^^^^^ i .^^ I fo, J gd I . 

6 inches ^ .^^ ^ ^ .^^j^^^ ^ .^^ ^ ^^A 3,^ h^^^'y- 
or less, by ^,^ J ^^ j^.^^J j^^^^J 

and add the product to the head diameter ; which sum will 
be a mean diameter between those of the head and bung. 
Then find the content of a cask as a cylinder, either by 
the proper rule in the mensuration of solids, or by refer- 
ence to the table of circular areas.* 

Rule II. — Having ascertained to what variety the cask 
belongs, find the content of a solid corresponding with 
such variety, according to the proper rule in the mensu- 
ration of solids ; which content, if a proper allowance be 
made for the thickness of the wood, will be the answer 
required. If the variety be Dr. Button's, (seepage 221) 



* This easy and general rule ha^ usually been adopted in the excise, and 
agreeably thereto, the sereral varieties are graduated on the sliding rule; 
but a little consideration will serve to shew that it is only an approxima- 
tion to the truth, and must not be relied on where great nicety is required. 

EXAMPLES APPLICABLE TO RULE I. 

(5) Required the content of a cask of each of the following varieties, of 
which the length is 40, the bung diameter 32, and the head diameter 24 
inches. 



1st. Variety. 



32— 24 = 8 X -7=- 

5-6 4- 24 = 29-6 X 

29-6 x40-7-35303(i 

=c99'27i6aU. 

content. 



2nd. Variety. 



32-24= 8 X -64 = 

= 5-12+24= 29-12 

X 29-12 X 40 -r- 

353036 = 96 07& 

Gall, content. 



3rd. Variety. 



32— 24 = 8 X -57= 

4-56-f-24=28-56x 

28-56 x4a-j-353-036 

= 92-41& GaU. 

content. 



4th. Variety. 



32— 24=8 X -52 = 

416+24= 28-16 X 

28- 16x40^-353 036 

= 89-84t GaU. 

content. 



Or, by the mean diameter, and table of circular areas, thus ; 

29-6 = 2-4818 x 402912 = 24019 x40,28-56= 2*3104 x40'28-16= 2-2462x40 
= 99-272 Gall. | =96-076 GaU. | =92-416 Gall. | =89-848 Gall. 

(6.) Let the length be 45 inches, the bung diameter 36, and the head dia- 
meter 30 inches. Required the content according to each of the above 
varieties? 

Answer: Ist. variety, 148-05.— 2nd. variety, 144-9.— 3rd. variety, 141-34. 
— 4th variety. 138-8 gallons. 

See answers to the same questions on the opposite page. 
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add into one sum 39 times the square of the bong dia- 
meter, 25 times the square of the head diameter, and 
26 times the product of the two diameters, then multiply 
the sum by the length, and the product by '000031473 
for the content in gallons.* 

Rule III. — Find the head diameter and bung diameter 
respectively, in the " Tables of factors for head and bung 
diameters, ''-f- take out of such tables the factors opposite to 
such diameters respectively, and add the same together ; 
and the sum being multiplied by the length of the cask, will 



* BXAMPLB8 APPLIGABLB TO BULB II. 

(7.) Required the content of a cask of each of the following varieties, 
of which the length is 40, the bung diameter 32, and the head diameter 
24 inches. 



Ist. Variety, 

see rule in 

p. 142. 



o 

z 

w 






o» 



i-H 



o 



X 

09 



2d. Variety. 

See rule in 

p. 146. 



Button's L . v«,!«*^ 

Variety. See »SiX?;rJj 
the above 




1—1 



u 
o 
o 

* 

o 



rule. 



+ X:| 
xX;^ 

M 0495 

CO X ii 

CO 



See rule in 
p. 143. 



A0» J 

,~S* o 

« II ^ 



4th. Variety. 

See rule in 

p. 130. 



X d 

' x» 

00 



(8.) Let the length be 45 Inches, the bung diameter 36, and the head dia- 
meter 30 inches. Required the content according to each of the above 
varieties? 

Answer: Ist. variety, 148-3716.— 2nd. variety, 147-7597. — Button's va- 
riety, 142-— 3rd. variety, 139-9588.— 4th. variety, 139 194 gallons. 

If a middle diameter, between the bung and head, has been obtained 
(which is the most correct method of cask gauging) the contents may be 
cast by the rule in page 224. 

-t- Tables of this description, applicable to the spheroidal form of casks, 
being two-thirds and one-third of the respective areas of the bung and 
head diameter, have been inserted in several works on gauging. See Gut- 
teridge's Oauger, p. 444; Symon's, (Maynard's edition,) p. 202, &c. The 
*' Tables of differences" is the invention of Mr« Woollgar, founded upon the 
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give the content as the frustum of a spheroid. Should the 
cask he of the 2nd variety, find a factor in the '* Tahle of 
differences hetween the head and hung diameters," oppo- 
site to the numher answering to the difference hetween the 
head and hung diameter, and suhtract this last factor from 
the sum of the two first found, and then multiply hy the 
length as hefore ; the product will he the content as the 
frustum of a parabolic spindle.* 

5. Ofullaging* 

When a cask is only partly filled it is said to he on 
ullage^ the vacuity or space heing called the dry inches, 
and the depth of liquor or materials the wet inches. The 
usual mode of casting such ullage, is hy the head rod or 
sliding rule, although in most cases, these instruments give 
only an approximation to the truth ; by the pen, the rules 
are too tedious for ordinary practice, but one or two of them 



same principles as the line X on the sliding rule, and may he formed for 
any variety or description of casksi as follows : the values of the characters 
being the same as in p. 831, note. 

Argument. Tabulated values. 

Table 1, Bung Diameter f jti? B« 

3 r 

Table 8, Head Diameter ^~^ H«. 

3r 

Table 3, Difference of the Diameters il^ (b — H]* 

3 r 

* BXAHPLB APPLIOABLB TO BULB III. 

(9) Let the dimensions of a cask be as before, viz : H. 84, B. 38, L. 40 ; 
required its content as of the 1st. and 8nd. varieties, respectively. 



1st. Variety. 

24 H Tabular number .... '5439 

32 B Tabular number 19337 



8-4776 
40 



Gallons, answer.... 99*1040 
See the Tallet in p. 844, 845. 



8nd. Variety. 
84 H Tabular number. . . . 0'5439 
32 B Tabular number .... 1-9337 



8-4776 
8 Diff. Tabular number 0*08417 



8-45343 
40 



Gallons, answer.,.. 98*13780 
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axe inserted, in order that the coirectneas of the instni- 
meiitat calculations may he tested, if necesssr;, 

A standing cask requires a different calculation from a 
lying cask, and in using the sliding rule, we are more sub- 
ject to error in the latter, than iu the former ; hut, as the 
ullage in lying casks, especially on importation, is usually 
very smaU, the error is seldom of importance. 

To CAST THE DLLAOE OF A LYINQ CASK BT THB HEAD 
BOD, OK SLIDINO ROLE, OE IILLAQE RULE. PIbCO the 

bung diameter on the lower line of the slide (B or C) to 
100 on the lower line of the rule, (Seg Ly) ; find the wet 
inches to the left of the bung on the same line, (B or C) 
under which, on the lower line of the rule {Seg. Ly) is a 
segment to be reserved ; find the segment on the slide (B 
or C) which place to 100 on A ; look for the full content 
of the cask on A, and directly under, on the slide (B or C) 
will be the ullage content, or quantity ofliquor in the cask.* 

To FIND THE ULLAGE OF A STANDIHO CASK BY THE 
HEAD ROD, OR SLIDINO RULE, OR ULLAOE RULE. PlOCOed 



• i 


ilAMPLH ov 


AlTl 


HOOISE. 






(L) Find the wet uU^ 


otaljhig 






B 




cuk of the following die 












Bung Wet Conleut 






















™BorCon.eB.LonB(. 


rConseg.L 








Ai3J-3 : 100 : Mis 












OnBOnA On. 


AOnB 










Then«SlB;100 ::116 


: 106-T «llg 










OnB OnA OqI 


< OnA 










Or « 100 :»lBt :lia 


: 106.7. 














mulUplytheeo. 


ilenl by the i 


■egmenl. 


mnd tie product, slier p 


oinltag off 


two dKimaH m. 


ore thin in 


CDmmDn 


mnlOpUcition, will b« 11 




jUage. 








The dry ull«i(e will bi 


! obtuned 


in the 




nner, the drj iaehn 


being uied iiutead of th( 






numbetofw 


»inQhe> 


faU off the rule, And the 


dr,ul].ge. 


uidai 




from Uie<K>alent foi 


thevelinche). Seethe 


oolouHlexunple 


in p. 181 
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in the same manner as for a lying cask, nsing the line 
marked Seg. St instead of that marked Seg. Ly.* 

To ullage a lying cask by the pen. — Divide the 
wet inches hy the hung diameter to three places of deci- 
mals ; and if the quotient exceeds *500, add to such quotient 
one fourth of the excess ; hut if it he less than '500, suh- 
tract one fourth of the deficiency ; then multiply the whole 
content of the cask hy the sum in the first case, or hy the 
remainder in the second ; and the product wiU he the ul- 
lage required, "f 




* EXAMPLB OF A STANDINQ CASK. 

(2) Find the wet ullage of a standing 
cask of the following dimensions. 
Wet Length Content 
31-2 40 98 gaUons. 

On B or C On Seg. St. or B C On Seg. St. 
As 40 : 100 : : 312 : 80*4 
OnB On A On A OnB 
Then as 80-4 : 100 t : 98 : 78*7 galls, ullage 

OnB On A OnB On A 
Or as 100 : 80-4 : : 98 : 78-7 gallons ullg. 
Or the latter operation may be per- 
formed by multiplication, as for a lying 
cask, see p. 237. See also the note and 
example in p. 181. 

t EXAMPLE OF A LYING CASK. 

(3.) Let the dimensions of a lying cask be as before : B. 31*8, W. 26*5, 
C. 116 G. Required the ullage. 

26-5 -J- 31-3 = -846, which exceeds -500 by -346, one-fourth part of which 
is 0865. Then 846 + -0865 = -9325 the multiplier, hence 116 x *9325 = 
108-17 gallons, ullage. 

This rule is the one in general use by the excise officers, although it is 
somewhat less correct in many cases, than the ullage lines on the sliding- 
Tule. The following rule is sometimes substituted. 

From five times the product of the content and wet inches, subtract the 
product of the content multiplied by half the bung, the remainder divided 
by four times the bung, gives the liquor in the cask. The dry inches will 
g:ive the vacuity. 

To find the wet or dry inches token any certain quantity has been drawn out 
of the cask. — ^Add the product of the content multiplied by half the bung, to 
four times the product of the quantity drawn, and bung diameter ; divide 
the sum by five times the content, this gives the dry inches ; the quantity 
in the cask will give the wet iachea,Soos€"t Wine Dealer's Guide, 
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To ULLAGE A STANDING CASK BY THE PEN. Divide 

the wet inches by the length of the cask to three places of 
decimals ; and if the quotient exceeds *500, add to such 
quotient one tenth of the excess ; but if it be less than 
'500 subtract one tenth of the deficiency ; then the whole 
content of the cask being multiplied by the sum in the first 
case, ot by the remainder in the second, will give the ul- 
lage required.* 

6. Of inching casks. 

To INCH AND TENTH A CASK TO CORRESPOND WITH 

THE ULLAGE RULE. — First find the ullage of the cask at two 
or three inches from the bottom, and divide the content of 
the ullage by the depth, reduced into tenths, to two or three 
places of decimals. This will give a common addend for 
that depth ; and, by proceeding to ullage the cask at any 
number of even inches, a common addend will be obtained 
for each portion of the cask, from which a table book 
may be formed.f 

• EXAMPLE OF A STANDING CASK. 

(4.) Find the wet ullage of a standmg cask of the following dimensions. 
Wet 31-2, Length 40, Content 98. 

31*2 -^40 = '780, which being more than -500 by '280 add one tenth 
of the excess, viz :— -028 to -780 =- '808 x 98 = 79-184 gallons ullage. 

Another mode of finding the ullage of a standing cask is, as follows : 
From 11 times the product of the content and wet inches, subtract the 
product of the content multiplied by half the length ; the remainder di- 
vided by ten times the length, gives the liquor in the cask. 

To find the toet or dry inches in a standing cask lohen any certain quantity 
ha» been draum out. — To ten times the product of the quantity drawn, and 
the length of the cask, add the product of the content multiplied by half 
the length ; that sum divided by eleven times the content, gives the dry 
inches. The quantity in the cask gives the wet inches. — Botse's Guide. 

-t A more certain mode of inching a cask is by pouring in water from a 
known measure, and taking the dip from time to time, either inputting in 
or drawing out the water. From the contents found on the respective dips, 
a table may be formed. If the cask be well made it may be sufficient to 
fill it to half its depth and calculate the corresponding sections of the 
other half according to the dips found in the lower halt.'—Nishett's Gauging, 
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7 Gaug'mg Tablet. 

No. 1. 
T*BLG/or Calcdliitino the Net Bdihels of M&lt rtqiini 
to b« ntirtd on tkeiptcimea immediately m-er the Jiril gauge in Iki 
CnnrA.— See Oouri't Order, lit. Not. 1836. 
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7 Gauging Tables. 

No. 1. 

Table /or CalculjUino the Net Bushels of Malt rejiiirec 

to be entered on the ipecimen immedialety over tbefirit gauge in thi 

Coach.— See Boud'e Order. lat. Not. 1836. 

B; Mr. ). Wild, Soperrisoc. Ipiwicb. 



. I ITenthi I Fric. { I Tenthg I Fiu. 1 1 Tentlu I Fru. 1 1 Tentlul Fne. 



CHAP. 111.] 



TlBLE^ CiLCULATINQ the NeT 



242 



THE EXCISE officer's MANUAL. [bOOK I. 



No. 8. Table shmpmgihe Quantity op Watbk nece$$arp to reduce Proop 

SPIRITS to thefoUounng strength. 



Pta. 









1-6 
81 
4-7 
62 
7-8 
9-4 
110 



9 



Pt8. 



I. 

OQ 



12-5 
141 
15-6 
17-2 
18*8 
20 3 
21-91 



Pts. 



n 



.0 
OQ 



23-4 
250 
26-6 
28-1 
29-7 
31-2 



5 

* 
a 
(J 



Pta. 



OQ 



w 



32-8 
34-4 
35-9 
37-5 
391 
40-6 



9 

or 



Pts. 



{| 



1^ 

OQ 



42-2 

43-8 

45-3 

46-9 

48 

50 



i-4 

3 



'^Example. — If l^ pint of water be put into a gallon measure, and the 
measure filled up with proof spirit; the spirit will be reduced to 14-1 per 
eent. u. ^.—Nitl^tCt Oauging. 

No. 3. Tablb shewing the Quantity op Water necessary to reduce Spirits 
of 22 per cent. u. p. to the foUowiug stren^^th. 



i 



Pts. 



to. 



23-2 
24-4 
25-7 
26-9 
281 
29-3 
30-5 






Pts. 






QQ 



31-8 
330 
34-2 
35-4 
36-6 
37-8 
391 



3 



Pts. 



H 



d ^ 

QQ 




9 



Pts. 



43 

P ^ 
Si 

OQ 



47-6 
48-8 
500 
51-2 
525 
53-7 



ea 

9 



Pts. 



a ^ 

CQ 



54-91 

56 

57-3 

58-6 

59-h 

61*0 



Example. — If 1 i pint of water be put into a gallon measure, and the 
measure be filled up with spirits of 22 per cent. u. p., the spirit will be 
reduced to 34'2 per cent. u. p. 

No. 4. Tablb shewing the Quantity (/Spirits q^23 u. p. to be added to 
Spirits (^61 u.p. to raise the strength^ asfoUows : 



Pts. 



1 

li 

i; 

ij 
\i 

ii 



CO 



60-4 
59-8 
59-2 
58-6 
580 
57-3 
56-7 
56-1 
55-5 
54-9 
54-3 
53-7 
53-l| 



S 



Pts. 



11 



1 



CO 



52-5 
51-9 
51-3 
50-6 
500 
49-4 
48-8 
48-2 
47-6 
47-0 
46-4 
45-8 
45-2 



9 



Pts. 



QQ 



44-5 
43-9 
43-3 
42-7 
42-1 
41-5 
40-9 
40-3 
39-7 
390 
38-4 
37-8 
37-2 



9 

Of 



Pts. 



Hi4 

QQ 



36-6 
360 
35-4 
34-8 
34-2 
33-6 
33-0 
32-4 
31-8 
311 
30-5 
29-9 
29-3 



3 

9 

Of 



Pts. 



29 
QQ 



28 

28-1 

27-5 

26-9 

26-i 

25-7 

250 

24-4 

23-8 

23-2 

22-6 

22-0 



'' Example. — If 1 quart and i of a pint of spirits at 28 per cent. u. p. be put 
into a gallon measure, and such measure filled up with spirits ut 61 i>er 
•ent. u. p., the strength of the spirit will be raised to 50*7 per cent. u. p. 
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No. 5. 

Table of a Diagonal Line /or Cask Gauging. 

(See Hoose't Gvide,p. 18.) 





Diagonal 
Line 


• 

1 


Diagonal 
Line 


• 

a 


Diagonal 


• 

i 


Dia^nal 
Lme 


1 






in Inches 


in inches 


in Inches 


in Inches 




i 


a.iid decimal 


"3 

O 


and decimal 


o 


and decimal 


1 


and decimal 


1 






parts of an 


parts of an 


parts of an 


parts of an 






Inch. 


i 


Inch. 


51 


Inch. 


101 


Inch. 


151 






604 


28-21 


35-42 


40-5 


i 




7-61 


1 


28-39 


52 


35-54 


102' 


40*59 


152 






9-58 


2 


28-57 


53 


a5-65 


103 


40-68 


153- { 




10-97 


3 


28-75 


54 


35-77 


104 


40-77 


154 


1 




l:J-07 


4 


28-92 


55 


35-88 


105, 


40-86 


155 


; 




1301 


5 


291 


56 


36- 


106 


40-94 


156 


i 




13 82 


6 


29-27 


57 


36-11 


107, 


41-03 


157 






1455 


7 


29-44 


58 


36-22 


108 


41-12 


158 






15-«1 


8 


29-61 


59 


36-33 


109 


41-2 
41-29 


159 


' 




15-82 


9 


29-78 


60 


36-44 


110 


160 




16-39 


10 


29-94 


61 


36-55 


111 


41-38 


161 




16-92 


11 


301 


62 


36-66 


112 


41*46 


162 




17-41 


12 


30-26 


63 


36-77 


113 


41-55 


163 




17-88 


13 


30-42 


64 


36-88 


114 


41-63 


164 




18-33 


14 


30 58 


65 


36 99 


115 


41-72 


165 




18-76 


15 


30-74 


66 


37-09 


116 


41-8 


166 


1 




19-17 


16 


30-89 


67 


37-2 


117 


41-88 


167 


t 




1956 


17 


3104 


68 


37-3 


118 


41*97 


168 






19-93 


18 


31-2 


69 


37-41 


119 


42-05 


169 






203 


19 


31-35 


70 


37-52 


120 


42-14 


170 






20-65 


20 


31-49 


71 


37 62 


121 


42-21 


171 






20-98 


21 


31-64 


72 


37-72 


122 


42-3 


172 






21-31 


22 


31-79 


73 


37-82 


123 


42-38 


1T3 






21-63 


23 


31*93 


74 


37 93 


124 


42-46 


174 


. 




21-95 


24 


32-08 


75 


38-03 


125 


42-54 


175 






22-24 


25 


32-22 


76 


38-13 


126 


42-62 


176 






22-53 


26 


32-36 


77 


38-23 


127 


42-7 


177 


, 




22-82 


27 


32-5 


78, 


38*33 


128 


42-78 


178 






23-1 


2» 


32-64 


79 


38*43 


129 


42-87 


179 






23-37 


29 


32-77 


80 


38-53 


130 


42-95 


180 


1 




23-63 


30 


32-91 


81 


38-63 


131 


4302 


181 






23-89 


31 


33-04 


82 


38*73 


132 


43-1 


182 






24-15 


32 


33-18 


83 


38-83 


133 


43-18 


183 






24-4 


33 


33-31 


84 


38*92 


134 


43-26 


184 






24 64 


34 


33-44 


85 


3902 


135 


43-34 


185 






24-88 


35 


33-57 


86 


3911 


136 


43-42 


186 






2511 


36 


33-7 


87 


39*21 


137 


43-49 


187 






25-34 


37 


33-83 


88 


393 


138 


43-57 


188' 
189^ 




25-57 


38 


33-96 


89 


39-4 


139 


43-65 




25-79 


39 


3408 


90 


39-49 


140 


43-73 


190 






26-01 


40 


34-21 


91 
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Areas of the Bung Diameters of Casks. 
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EICISE OFFICER'S MANUAL. 



BOOK II. 

CONTAINING AN ACCOUNT OP THE EXCISE ESTABLISHMENT AND 
OF THE DUTIES UNDER THE MANAGEMENT OF THE EXCI8B 
COMMISSIONERS. 



CHAPTER. I. 

THE EXCISE ESTABISHMENT. 

The Excise (from the Belg. Acciisse Tributmn*) is a duty or im- 
position on home made goods or commodities, as distinguished 
from Customs, which is a duty on goods imported from another 
country. The Establishment for collecting and managing the £!x- 
ctse duties, consists of a board of Commissiouers and a great 
number of officers acting under them. 

Part I.— Of the Board of Commissioners. 

The Board of Excise consists of seven commissioners who sit 
and act officially at the Excise Office, Old Broad-street, London. 
Formerly the number of Commissioners was greater, and there was 
a separate board for Scotland, and another for Ireland ; but the 
powers of the present commissioners extend to the whole of the 
United Kingdom. 

By the 7 and 8 Greo. IV, c. 53, as well as by patent, the com- 
missioners are entrusted with the collection and management of the 
whole revenue of excise of the United Kingdom of Great Britain 
and Ireland ; subject however, in all things relating to the execution 
of their duty, to the control of the Lords Commissioners of Her 

■"■ I » ■" . n il .- . .1 II M J I .1. » . ■■ I , 

* Jacob's Law Dictionary. 



248 THE EXCISE officer's MANUAL. [bOOK II. 

Majesty's Treasury. The commissioners of Excise are authorized 
and required, from time to time, to appoint such collectors, sub* 
ordinate officers, accountants, clerks, and assistants, as to them 
shall seem requisite ; and to allonr and pay for charges necessarily 
arising in the collection or management of the excise; such 
allowances being conformable to any rules or directions received 
from the Treasury; — provided that the number of each description 
of officers and persons so to be appointed, shall not in any case 
exceed the number fixed by general warrant or order from the 
Treasury. 

The Commissioners are abo required to collect all and every part 
of the revenue of Excise, and to keep separate and distinct accounts 
thereof, respectively at the chief office of Excise in London. The^ 
are to set forth the amounts collected, and remaining in arrear ; 
and of the several payments made or allowed, and of the expences 
made or incurred : and they are to render and furnish to the Lords 
of the Treasury such accounts when and so often as the same shall 
be directed or required. 

The Salaries of the Commissioners are as follows : Chairman, 
£2,000. ; Deputy Chairman, £1500. ; the othei Commissioners, 
£1200. each. 

Part II. — The Surveying Department. 

The most important branch of the Excise establishment, is the 
surveying department, consisting of a body of officers of different 
ranks and classes, but all of them either in, or having been raised 
from, the lowest class ; it being the distinguishing feature of this 
department that no person is eligible for a higher station, unless and 
until he has passed through the subordinate ones. 

The mode in which the different officers of this department are 
appointed, and the general nature of the duties of each class, are as 
follows : 

1. Of the Officers* Appointment; or, Order for Instructions, 

The first appointment of a person intended for the surveying de- 
partment of the excise, is called an " Order for instructions.** These 
prders are given on the nomination either of the Lords of the 
Treasury or of the commissioners of excise, the patronage being 
divided between them. The commissioners set apart a number 
of appointments for the sons of officers with very large families, 
&c.; and the rest are disposed of by the individual commissioners. 
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A certain number of these appointments are made annually, with 
a view to the supply of any vacancies which may occur in the 
establishment. 

The age at which a person is admissible to an order for instructions 
is from nineteen to thirty. It is required that if he be married 
he should not have more than two children ; that he should be 
healthy, active, and free from debt, and that he should possess a 
good knowledge of vulgar and decimal arithmetic. Having obtained 
the order for instructions, the pupil is placed under the tuition of 
some officer to be approved of by the proper supervisor ; and the 
instructions continue during a period which must not be less than 
six weeks, and as much longer as is necessary to enable the super- 
visor who examines the q.:ali£cations of the person appointed, to 
certify that he is fitted to survey the di£ferent traders under the 
excise. The supervisor, before he certifies that any person is fully 
instructed, is to be w^ell satisfied that he can cast up both excise and 
malt gauges by the pen and sliding rule ; and that such person has 
giuiged and stocked for a Month in the station in which he was in- 
structed, and entered the same in a book ' provided by him for 
that purpose ; and that he has made true vouchers and an abstract 
therefrom ; and that he is in all respects well qualified for a 
ganger's employment ; and without any apparent bodily infirmity. 
The supervisor's fee for examination and certificate is208. ; and the 
officer for giving the instructions usually receives two Guineas. 

During the time of receiving instructions no renumeration is paid 
to the person appointed ; but as soon as the proper certificates are 
received at the chief office, he is appointed an Expectant; until 
which time he is not considered to be in the board's employment. 

2—0/" Expectants. 

An Expectant is an officer who is employed in doing duty 
for sick and absent officers. Before commencing his employment 
he has to enter into a bond with two securities for the proper per- 
formance of his duties, and also to obtain a certificate of having 
made the following declaration before a Magistrate, or a Baron of 
the Exchequer. 

*f I. A B. do sincerely and solemnly declare, that I will bear true 
** allegience to Her Majesty, and will execute the office of* 



* A similar declaration is made by every person appointed in the Ex* 
cise ; 7 & 8 Geo. 4, c. 53 s. 7. ^ 
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" to which I am appointed, truly and faithfully, without favour oi 
** affection ; and that I will from time to time true account make and 
"deliver to such person or persons as shall he duly appointed to 
" receive the same ; and that I will not take any fee or reward in or 
" for the execution of the said office from any other person than her 
" Majesty or those whom her Majesty shall appoint in that behalf.'' 

An expectant has a fixed salary of £50 per annum, and when 
employed he receives an additional allowance at the rate of £30 
per annum. As vacancies happen the Expectants are appointed 
Supernumeraries or Assistants. 

3. Of Assistants and Supernumeraries, 

An Assistant is an officer whose duty is to watch the operations 
of a single trader, as a soap maker or other trader where the con- 
stant presence of an officer is necessary ; he is also employed to re- 
lieve the established officers at those seasons of the year, at which 
the operations of the manufacturers are carried on with the greatest 
activity. The salary- is £85 per annum. A Supernumerary attends 
the collector on the rounds, which are made eight times a year. He 
carries the official papers and documents, and is required to provide 
himself with a horse. His salary is £52 per annum, and when offi.cia- 
ting for an officer he receives an additional payment, at the rate of 
£38 per annum. An Assistant or a Supernumerary is eligible to the 
situation of surveying officer after four months' employment, and 
may be appointed on petition, or as vacancies occur. 

4. Of Surveying Officers, 

An Officer is employed to survey the Excise Manufacturers and 
traders within either a ride or foot walk; the former comprising an 
extent of country in which traders are thinly scattered, and for 
which the officer is required to keep a horse ; but in foot walks 
the business is gen<9rally much more concentrated, and is usually 
confined to towns and places where the traders, either from the 
nature or extent of their operations, or both combined, require more 
attention and more frequent surveys. 

The duty of a surveying officer is to attend the traders in his 
business, under the prescribed rules laid down in his instructions, 
for checking and taking account of the different operations which 
such traders are carrying on ; and when notice is required of a 
trader's intention to commence an operation, the officer has to 
attend at the time fixed in such notice, or as near thereto as possible 
in order that the required account may be taken. He, on all such 
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occasions records in his books the day and hour of his survey, and 

the condition of the entered utensils, &c., and the progress of the 

different operations carrying on. In some branches of manufacture 

the charging of the duty is a process which occupies much of the 

officer's time, and requires the utmost dexterity and exactness. In 

addition to these duties, the officer is required to survey and take 

account of the stocks of all dealers in exciseable articles residing 

within the range of his particular duty. It will thus be obvious how 

greatly the security of the revenue depends on a vigilant survey of 

the different Traders; and that in point of fact the business 

of an Excise officer, to perform it efficiently, is one of constant 

inspection and unremitting watchfulness. In certain cases he is 

required to survey in the night as well as in the day. The average 

time an officer is actually on duty is estimated at twelve or thirteen 

hours a day ; and the number of miles performed daily by a ride 

officer is seldom less than eighteen, on an average. Before going out 

on each day's survey, if his duty is not what is called " in residence," 

the officer is required to leave a memorandum behind him, specifying 

the different places he is about to visit in the course of the day, and 

the order in which he will visit them. On all occasions he is subject 

to a most rigorous system of inspection by his supervisor and other 

superior officers ; the supervisor being obliged to enter in his diary 

every error he discovers. After an officer has been four years in one 

situation, he is liable to be removed to another. The salary of ride 

and foot walk officers, is £100, out of which the former must find 

and keep a horse. 

Every officer is enjoined by his instructions to carry his com- 
mission with him when on survey, and readily to shew it to such 
persons concerned as may demand to see it. He is also, by a civil 
and becoming behaviour, to avoid giving any just occasion of com- 
plaint to any person with whom he is concerned by virtue of his office.* 
He is strictly prohibited from keeping double books, or altering 
figures ; and also from receiving any rewards or treats from the 
traders under his survey : and collusion or bribery of any kind, 
subjects him to discharge and very heavy punishment. 7 and 8 
Geo. IV. c. 53. 
Ride officers who have been three years employed, two of which 



* So long as an officer thus condacts himself to the traders under his 
surrey, he is entitled to the same respect from them. 
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have been in a ride, are eligible for promotion to a division or foot 
walk ; and after a service of nine years (three of which must have 
been passed in the latter station,) an officer is eligible for the si- 
tuation of Examiner.* 

The following situations, are filled up by selection from the Sur- 
veying branch, t. e. from Surveying officers or Supervisors, viz.^ 
CorrespotidenC 8 department, 8th assist ant, (£140)rising in progression to 
the 3rd assistant, (£200) Correspondents department, Scotch Branch, 
2nd assistant, (£250,) 3rd do. (£200,) 4th do. (£150,) 5th do. 
{^£\Q0.') Correspondent's department Jrish Branch, 2d assistant, (£250,) 
3rd do.. (£200,) 4th do (£200,) 5th do. (£160,) 6th da (£140,) 
7th do. (£130,) 8th do. (£120,) 9th do. (£110,) 10th do. (£100.) 
Permit De^artme«/,— -Inspector of Permit Paper, (£158 15 0.) Chief 
Permit Examiner (£150,) Pei-mit Examiner (£100) each, 7 do. 
(£90) each. Diary office, Clerk of the diaries, (£170,) Ist assis- 
tant (£150,) 2nd and 3rd do. (£140) each. Clerk of the diaries 
for Scotland and Ireland, (£170.) Also ccdlectors, clerks with 
salaries of from £100 to £150.t 

5. Of Examiners, 

Examiners are'promoted from division officers, and are appointed 
in turn to the station of supervisors as vacancies ariie. Their duties 
at the Head Office chiefly consist in examining the survey books of 
officers, with a view to tbeir promotion, or otherwise ; and also 



• Although Officers are thus eligible for advancement to the higher 
grades, they ought never to forget that their promotion is dependent utoq 
their o^vn conduct and character ; (ride m/m ^.266 1 and, in order to qusmfy 
themselves for such higher stations, they should be careful not to n^lect 
any means of improvement within their reach. The Young Officer, in 
particular, ought carefully to attend to the character of his hand- writing, 
which cannot be too plain and distinct ;— to his mode of diction and ex- 
pression, which is constantly brought, in one shape or other, under the 
notice of his superior officers, not excepting the uommissioners them- 
selves ; — to the correctness of his computations and book-keeping, 
upon which depend, not only the securitv of the revenue, but in a great 
measure also, his own success as an officer; — and. above all, to the 
cultivation of a strictly moral character; devoting his energies to the 
conscientous discharge of his onerous duties,and the ^od of the commu- 
nity. Formerly instances have occurred of persons rising to the higher 
stations in the excise with only moderate abilities; but the Commis- 
sioners have come to the determination of selecting, for the future, only 
those officers whose character, talents and aquirements will do honor to 
the stations they are designed to fill. 

+ Most of these particulars are taken from the Commissioners report 
on the Excise enquiry, but it is understood that the practice in respect 
to promotion is not uniform, and that there has subsequently been some 
alteration in the stations and salaries. — See also p. 253. 
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the table and dimension books containing the dimensions of the 

several entered vessels and utensils, &€., used by Excise traders, 

and the calculations of their areas and capacities. They are also 

employed in the country, officiating for supervisors who may be 

incapable of business through indisposition or other causes. The 

salary of a Country Examiner, is £150 per annum, and when em* 

ployed as Supet visor he receives an additional allowance at the rate 

of £50 per annum. 

6. Of Suptn isors, 

A Supervisor has chaise of a district comprising a certain num- 
ber of stations called respectively rides and foot walks. His 
principal duty is to survey the traders and check the performances 
of the officers in his district, by frequent visits on them, and at 
uncertain times; and also to examine the survey books and 
accounts. The Supervisor has also to correspond with the Board 
upon all matters connected with the business of his district ; and he 
is required to keep a diary in which to record the particulars of how 
he has been employed every day, and of the errors he may have 
discovered in the conduct and performances of the officers under 
his superiLtendence. The salary of this station is £200 per annum, 
out of which supervisors in wide or riding districts have to pro- 
vide and keep a horse. Upon the exertions and vigilance of the 
supervisor the security of the revenue very materially depends ; and 
his duties are incessant and in the highest degree laborious. It has 
been calculated that supervisors are occupied on an average, not 
less than fifteen hours a day, and that in riding districts they have 
to travel not less than twenty three miles a day. A supervisor who 
has been employed five years in that station, is eligible for the ap- 
pointment of Collector: he is also eligible to be appointed a Survey- 
ing General Examiner after three year's employment. 

The following situations are likewise filled up either from super- 
visors, or Surveying Greneral Examiners: — Correspondents depcwtmenl. 
Correspondent (£500,) Ist Assistant, (£300,) 2nd do. (£250,) Cor- 
respondent for Scotland and Ireland, (£500,) 1st Assistant, Scotch 
branch (£350,) Ist Assistant, Irish branch, (£350.) * 

7. 0/ Collectors. 

A collection consists of several districts ; and the business of the 
Collector is to visit and hold a sitting for the collection of the Excise 

* See also page 252. Several appointments in the Secretary* t office were 
formerly made also from the Surveying Department 

Z 
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duties ia every market town in his collection, at stated inter Yals» eight 
times in the year. The proper supervisors and officers attend him ; 
and at their Meetings he inspects and examines the supervisors 
diaries, hears the officers* explanations of the complaints stated 
against them, and writes his observations on the same for the se- 
veral parties to sign. In the intervals between holding the roundly 
fittings as above described, the Collector is employed in attending 
to prosecutions for penalties and duties before the Magistrates; in 
making out and transmitting his voluminous accounts and returns; 
and in the investigation of all questions of importance which arise 
within the circuit of his collection. Various additional duties are im- 
posed upon the Collector, which are not in any way connected with 
the revenue, such as the payment of Navy allotments; the out-pen* 
sioners of Chelsea Hospital, half-pay, and widows* pensions, revenue 
prison?rs' allowances, and many other services of a similar nature. 
The salaries of Collectors vary from £350 to £600 per annum. 

8. Of Surveying General Examiners, 

The Surveying General Examiners report upon all questions of 
intricacy and doubt which may involve either the rates of duty, or 
the regulations affecting the charge, or the process of manufacture of 
exciseable articles. They revise the schemes proposed for the 
distribution of business throughout the country ; and they consider 
and report npon all proposals for the amendment of the laws. A 
number of them is continually employed on survey in the country, 
checking the operations of the traders, and the mod^ in which the 
officers perform their several duties. 

The Surveying General Examiners are divided into 4 classes, 
the appointments from the station of supervisor being always to the 
fouith class, from which they are afterwards promoted upon va- 
cancies to the higher classes. The number and salaries of each class 
are as follows : — 





£ 






£ 


5 First Class :— 1 at 


550 


5 Third Class:— 1 


at 


350 


3 at 


♦500 


and 4 


at 


300 


and 1 at 


450 


20 Fourth Class :— 6 


at 


300 


17 2nd Class :-— 1 at 


400 


and 14 


at 


250 


and 16 at 


350 









* On the appointment to the next vacancy in the First Class at the 
£500 rate of Salary it will be made at £450, thereby leaving one at £550, 
two at £500, and two at £450 per annum. 
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9. Of the Country Establishment, 

For the purpose of collecting the duties, and performing the 
extensive business connected with the inland revenue, the whol« 
of the United Kingdom is partitioned into convenient portions, 
ia each of which i8 organized a certain number of officers of 
various ranks, corresponding with the duties allotted to them. 
England and Wales are divided into 56 great parts, which are 
known under the name of collections. Scotland is divided into 16 
collections, and Ireland into 21. The name of a County, a large 
portion of which is comprized within their limits, is given to some 
collections, and others are known by the name of some great Town 
which they contain. Each collection is divided into districts, usually 
into six or seven, though there are some collections which contain 
only four. The total number of districts in England and Wales, ii 
320, in Scotland 84, and in Ireland 78. Each district is again sub- 
divided into rides and foot walks, or divisions ; the former including 
a portion of country never exceeding twenty miles; and the latter 
comprehending a greater circuit. The chief officer of each col 
lection, is the Collector who is allowed a clerk ; and in two or three 
collections, more than one clerk is required. Each district is in 
charge of a Supervisor, and over each division or ride, is a survey- 
ing officer. There is likewise a supernumerary officer in each col- 
lection, and in many of them are also assistants and expectants. 

The following scheme or table of the distribution of the business 
in the country establishment will be best appreciated by those fojr 
whom it has been compiled. It is not put forward as a perfect do- 
cument, and every year will render it less correct, in consequence 
of the great changes which are continually taking place ; but it will 
always be found more or less useful as a matter of reference. It 
shows the name of each collection and district, the county in which 
the district residence is situate, and its distance from London. It 
also contains, as nearly as could be ascertained, the number of di- 
visions and rides in each district, and the miles including and ex- 
cluding cautionary traders respectively ; with the distance of each 
officer from the supervisor's residence.* 



* The notes also contain the name of each collection, and of the collee- 
tor's residence, and also the principal towns through which the collectors 
pass on their rounds ; and the figures at the end denote : — S. the Collec- 
tor's Salary ; C. the Clerk's Salary ; D. the net duties collected in the year 
1839 ; and M. the miles travelled on the rounds. 
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ENGLAND. 



Babmstaple.* 
Barnstaple, Dev, 195 
Bideford, Dev, 204 
Dunster, Sem. 158 
Launceston, CVn. 213 - 
South MoltOD, Dtv, 181 - 

BATH.f 

Bath, 1st Som. 106 
Ditto. 2nd. - - - - 
Chippenham, WUti, 93 - 
Frome, Som, 105 
Marshfield, Glotter, 102 - 
Trowbridge, WilU, 98 

Bedford.^ 
Bedford, Btdfwd, 50 
Bishop Stortford, Hts, 30 
Dunmow, Essex, 38 - 
Baldock, Herts, 37 - 
Towcester, NorthatnpSO ' 

Bri8T0L.§ 
Bristol, 1st. Som, 119 
Ditto, 2nd. - - - 
Ditto, 3rd. .... 

Ditto, 4th 

Nailseaheath, Som. - - 
Wells, Som. 123 - - 

Cambridge.II 
Cambridge, Camb, 51 
Huntingdon, Hunt. 59 - 
Soham, Coring. 69 - - 
Royston, Herts. 38 
Saffron Walden, E9sex, 42 



4 
4 
1 
1 
1 

4 
2 
2 
4 
2 
3 

3 

4 
2 
4 



7 
6 
4 
5 
1 
3 

4 

3 

2 
2 



R. 


Inel. 

298 


EscL 

159 




From Reaideiice. 


5 


J 


6 


11 12 


5 


291 


190 


3 


6 


7 7 13 21 25 


7 


311 


284 


2 


3 


7 8 8 10 17 


7 


440 


366 


2 


5 


6 12 14 17 18 


7 


372 


198 


3 


3 


9 11 18 26 


3 


152 


145 


2 


11 


12 


5 


195 


175 


3 


4 


6 9 


5 


260 


201 


4 


6 


6 10 10 12 


4 


222 


192 


4 


4 


8 8 8 


5 


185 


167 


5 


6 


6 8 9 


5 


249 


212 


3 


3 


4 5 6 8 


5 


275 


125 


8 


9 12 14 14 


5 


206 


144 


4 


4 


4 4 4 


6 


309 


217 


4 


5 


5 7 7 8 9 


4 


300 


104 


4 


5 


5 6 8 11 


6 


314 


183 


6 


7 


7 8 11 16 




31 


24 


2 






1 


83 


2 


2 






3 


163 

21 


152 


1 


4 


4 5 


5 


297 


91 


8 


8 


11 11 13 


6 


302 


120 


5 


6 


6 7 8 10 


5 


308 


212 


2 


2 


3 6 7 11 


6 


427 


280 


6 


7 


7 10 10 12 13 


7 


447 


264 


6 


6 


8 8 8 14 


5 


325 


178 


4 


5 


7 14 17 17 


6 


349 


269 


5 


5 


8 10 14 



* J?OffMla5J0.'— DulTerton, Dunster. Bt<^mber» Williton, Southmolton, 
Chumley, Bideford, Uartiand, Stratton, Camelford, Launceston, lifton. 
tloldsworthy, Sheepwash, Hatherleigh, Torrington, Ilft'acombe, and 
Barnstaple. 8. 350/: ; C. 1402.; D. 46,i^. Bs. Ikd.; M. 269. 

■f Batn. — ^Bradford, Trowbridge, Westbury, Cafne, Chippenham, Malms, 
bury, Sherston, Gorsham, Marsfield, Keynsham, Frome, Warminster, 
Norton, and Bath, 8. 400/.; C. 140/.; D. 129,7982. 14«.5|d.; M. 121. 

t Bedford CBaldotfk.J—Olaej, Newport, Towcester, Stony Stratford, 
Ampthill, Shefford, Sawbridgeworth, Hatfield, Dunmow, Thaxted. Stort- 
ford, Stevenage, Hitchin. Baldock, and Bedford. S. 3502. ; C. 1402. ; D. 
816,0992. Os. Uid. ; M. 217. 

{ ^mto2.—Bri8f ol, Cbewton, Glastonbury, Shepton, WeHs, Axbridjre, 
and Nailseaheath coHected at Wrington. S. 5002. ; 1 C. 1352. ; 1 C. 14jlB. ; 
D. 370,8282. 10*. C^. ; M. 95. 

U Cam^rMge.—Walden, Linton, HaverhiU, Newmarket, Mildenhall, So- 
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Cantbbbury.* 
Canterbury, Kent, 56 
Dover, Kent, 71 - - 
Sandwich, Kent, 68 
Tenterden, Kent, 55 

CHBSTBR.f 

Chester, Chester. 183 
Cllesmere, Salop 175 
Nantwich, Chester, 164 
Oswestry, Salop. 171 
Whitchurch, SaU^, 161 
Wrexham, Denbigh, 187 

Cornwall.^ 
Bodmin, Cornwall, 234 - 
Penryn, do, 264 - 
Penzance, do. 280 - 
Truro, do, 25? - 

Coventry. § 
AshbydelaZouch, JLct. 115 
Coventry, Warwick, 91 - 
Leicester, Leicester, 98 - 
Lou.hboro*, do. 109 - 
Nuneaton, Warwick, 100 
Warwick, (/o. 93 
Hinckley, Leicester, 100 

CUMBERLAND.|l 

Carlisle, Cumheiiand, 303 
Cockermouth, cfo. 303 - 
Penrith, do, 285 - 

Ulverstone, Lane 266 - 
Whitehaven, Cum. 31 7 - 



D. 


R. 
5 


Incl. 
360 


Excl. 
169 


From Residence. 


4 


3 10 


10 12 14 


3 


4 


280 


132 


7 12 


14 


4 


4 


239 


143 


6 6 


7 7 9 9 9 


1 


G 


518 


266 


9 10 


12 12 14 15 


4 


4 


287 


189 


1 11 


12 16 


2 


*; 


308 


298 


4 5 


8 10 16 


1 


6 


337 


296 


6- 7 


8 9 11 


3 


6 


348 


319 


3 5 


6 9 9 12 


J 


7 


432 


309 


6 10 


12 12 


3 


4 


280 


217 


4 5 




1 


8 


431 


225 


7 7 


7 12 12 14 15 


4 


4 


270 


62 


2 2 


8 8 12 13 


1 


7 


440 


52 


7 8 


9 13 13 25 


2 


7 


385 


188 


3 8 


9 11 14 15 


1 


7 


344 


283 


4 5 


7 8 13 15 


4 


4 


278 


206 


1 5 


6 10 


6 


3 


20'z 


174 


1 4 


5 


2 


5 


239 


199 


3 4 


6 6 10 


1 


6 


309 


280 


4 6 


6 12 


3 


7 


32G 


275 


1 3 


3 5 7 11 15 


1 


6 


303 


234 


4 9 


10 11 14 


2 


6 


606 


129 


5 6 


9 10 10 




7 


4U 


122 


8 11 


13 16 16 


1 


7 


51t 


190 


2 10 


11 14 22 26 


2 




395 


299 


3 6 


7 10 12 16 21 


2 


6 


308 


136 


•6 8 


8 18 26 



ham, Ely, Caxton, Potton, Biggleswade, St. Neot's, Kimbolton, Godman- 
chester collected at Huntingdon, Ramsay, St. Ives, Buntingford, Royston, 
and Cambridge. S. 350/. : C. 140/. ; D. 204.952/. 2«. \\d. ; M. 218. 

• Canterbury, rDoterj — Romney, Cranbrook, Goudhurst, Tenterden, 
Ashford, Wye, Hythe, Folkestone, Elham, Faversham, Canterbury, Rams- 
gate, Margate, Sandwich, Deal and Dover. S. 450/. ; C. 140/. ; D. 159,721/. 
2*.7M.; M. 218. 

+ Chester. — Wrexham. EUesmere, Overton, Llangollen, Oswestry, Wem, 
Hoduett, Drayton, Betley, Nantwich, Whitchurch, Malpas, Birkenhead, 
Neston, and Chester. S. 400/. ; C. 140/. ; D. 97,321/. bs. \\\d. ; M. 173. 

X Cornwall, ( Falmouth. J — Mitchell, St. Columb, Padstow, Wadebridge, 
Bodmin, Lostwithiel, Fowey, St. Austle, Grampound, Tregonv, Truro, 
Redruth, St. Ives, Penzance, Marketjew, Helston, Penryn, and l^almouth. 
g. 400/.; C. 140/. ; D. 41,675/. VZs. lift/.; M. 176. 

\ Coventrj/. — Kenilworth, Warwick, Solihull, Lutterworth, HincWer, 
Leicester, Mouatsorrell, Loughborough, Kegworth, Ashby, Boswortn, 
Polesworth, Atherstone, Nuneaton, and Coventry. S. 400/. ; C. 140/. ; 
D. 149,719/. 15*. lOd. ; M. 162. 

II Cumberland, (Whitehaven). — Ireby, Wigton, Carlisle, Longtown, 
Brampton, Kirkoswald, Appleby, Brough, Kirkby Stephen, Shap, Pen- 
rith, l^eswick, Ambleside, Hawkshead, Cartmel, Ulverstone, l)alton« 
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D. B 


Incl. 


Sicl. 


















Derby, D«*i-, 136 • - 


6 


254 


"2I3 


5 


5 7 8 


Mansfield. JVi.i(i.ff. 138. 


2 


278 


256 


3 


3 9 13 12 


NoUmgham,lit.Afo(.la4 


3 


194 


176 




8 8 13 


DHW, 2nd 


3 


232 


184 




4 5 6 10 


Ditto, 3rd 


4 


231 


212 




5 8 14 14 


Wirknoith, Duriy, 141 


2 


407 


377 




6 8 8 10 10 


Dorset, t 












Blandbrd, Donti, 104 - 




342 


19S 




5 8 14 14 


Bridport, do. 135 • 


2 


5 319 


117 




9 10 10 12 


DorchestBT, rfo. 120 - 


3 


4 229 


122 




8 s e 


Shafteibuty, do. 101 - 




6 318 


176 




S 9 9 13 14 


Wincmlon, Someriil, 108 




6 316 


lis 




5 6 9 10 11 


DU[IHAU4 












Bamard Castle, Dor. 249 




7 385 


2J3 




6 12 16 22 28 


Durham, D^rAa™, 258 


2 


6 331 


235 




6 7 7 11 


Heiham, Korihum. 263 


1 


590 


135 




7 11 12 16 24 


Soulh Shield., D«r. 277 


5 


85 


67 






Sunderland, 1st. i)m-. 268 


6 


88 


52 




3 


Ditto, 2nd. - - - 


6 


129 


77 




113 6 7 


Essex.} 












Braintree, Eihi, 40 


3 


5 26f 


172 




8 8 8 10 U 




3 


e 353 


131 




3 4 6 9 10 15 


Colchester, do. SI 


5 


3 215 


109 




2 2 3 4 10 


ManDiDgtiee, do. 60 


I 


6 299 


15: 




5 12 12 14 


Rayle^h, do. 35 




7 421 






6 11 15 16 18 


EXBIBB.II 












Crediton, Dmw. 180 


1 


6 339 


300 




13 13 15 IS 


Eieter, 1st. Dnon. 173 


6 


74 


64 






Ditto, 2ad. - - - 


3 


3 12 


106 




6 11 11 


Honiton, £>m>n. 156 


2 


7 302 


26S 




6 7 8 8 9 9 


Tiverton, Dteon. 166 


2 


5 270 


19 




7 7 9 11 


Topibara, Dtvon. 170 


2 


5 207 


17^ 




7 10 10 12 
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D. 


R. 


Incl. 


EX€l. 


From Residence. 


fiw rtiifvwpvn 4 


















Cheltenhani, Glou. 95 - 


6 


3 


244 


137 


1 2 


9 9 


9 


9 


Cirencester, Glou. 88 - 


3 


5 


248 


186 


1 6 


7 8 


8 


10 


Gloucester, Glou, 107 - 


5 


3 


256 


97 


9 10 








Stroud, Glou, 93 


1 


7 


358 


216 


2 4 


4 5 


5 


5 8 


Wotton, Gloucester, 107 


1 


7 


389 


226 


4 6 


6 8 


8 


10 H 


Moreton, Gloucester, 82 - 


1 


7 


299 


224 


4 7 


8 8 


8 


11 15 


GRANTHAM.f 


















Boston, Lincoln, 113 


2 


6 


483 


85 


6 10 


12 14 


19 




Grantham, Lincoln, 110 


3 


5 


339 


131 


10 14 


14 14 






Newark, Notts, do, 125 - 


4 


4 


276 


124 


2 6 


8 






Peterborough, North, 77 


2 


5 


387 


115 


6 8 


10 20 


20 




Stamford, Lincoln, 89 - 


2 


6 


228 


103 


8 11 


14 






"Wisbeach, Cambridge, 95 


1 


6 


526 


27 


8 10 


12 15 


20 




Halifax.^ 


















Bamsley, York, 172 


1 


7 


339 


297 


3 4 


5 6 


7 


9 10 


Burnley, Lancashire, 210 


1 


6 


402 


319 


3 6 


6 7 


11 




EUand, Yorkshire, 194 


3 


5 


46] 


340 


4 4 


4 5 


6 


8 


Halifax, Tor*, 197 - - 


4 


5 


290 


237 


1 3 


3 5 


8 




Huddersfield, Forit, 189 


2 


8 


587 


361 


1 2 


2 5 


5 6 6 6 


Skipton, York, 222 - - 


2 


6 


380 


319 


6 8 


10 10 


11 


14 16 


Hants.§ 


















Chichester, Sussex, 62 - 


3 


4 


320 


227 


2 5 


7 14 


14 




Fareham, Hants, 73 - - 


3 


4 


237 


110 


3 4 


6 9 


11 




Guildford, ^Surrey, 29 - 


2 


5 


305 


207 


5 7 


10 10 


11 




Petersfield, Hants, 54 - 




6 


287 


133 


5 9 


9 10 


12 




Portsmouth, Hants, 72 


6 


1 


82 


54 


1 1 


2 2 


2 




Hbrefo1id.{| 


















Cheipsiow, Monmouth, 130 


1 


6 


353 


320 


5 6 


7 14 17 




Hereford, Hereford, 137 


4 


4 


366 


296 


2 2 


7 7 






Leominster, Heref, 137 - 


2 


5 


287 


231 


8 9 


12 12 






Ludlow, iSo^op, 143 - - 


2 


6 


295 


252 


9 9 


9 11 


11 




Monmouth, Afon. 130 - 


1 


6 


354 


306 


4 7 


8 8 






Ross, Herifwrd, 120 - - 


2 


6 


1 446 


180 


6 13 


13 13 


19 





• 6rtottCCT/tfr.— Winchcomb, Campden, Shipaton, Moreton. Stow, Ciren- 
cester, Cricklade, Tetbury, Dursley, BerkeleT, Thornbury, Sodbury^ 
"Wickwar, Wotton, Hampton, Stroud, Fainswick, Tewkesbury, Chelten- 
ham, Newent, and Gloucester. 8. 400/. ; C. 140/. ; D. 111,720/. 17*. Od. ; M. 235. 

+ Grantham, ('Sioin/bni.^— Peterborough, 'Whittlesea, March, UpweU« 
Wisbeach, Holbeach, Spalding, Deeping, Bourn, Falkingham, Donning- 
ton, Boston^ TattershaU, Sleaford, Newark, and Stamford, Grantham. S. 
400/. ; C. 140/. ; D. 178.778/. 14*. i\d. ; M. 226. 

% Ifafiifflu?.— Barnsley, Huddersfield, Kei^hley, Skipton, Settle, Gisbume, 
Colne, Burnley, and Elland collected at Halifax. S. 400/.; C. 140/.; D. 
97.249/. 5*. M. ; M. 139. 

I HanU, CPortsmtnUhJ — Hambledon, Pelersfield, Famham, OuUford, 
Godalming, Haslemere. Midhurst, Petworth, Chichester, Havant, Fare- 
ham, Tichfield, Gosport, and Portsmouth. S. 400/.; C. 140/. ; D. 99,508/. 
14#. 2id. ; M. 124. 

jl Ifert^rd.— Bromyard, Tenbury, Cleobury. Ludlow, Leominster, Weo- 
bly, Monmouth, Coleford, Chepstow, Lidney, Newnham, Dean, Ross. Led' 
buy and Hereford. 8. 850/. ; C. 140. ; D. 80,707/. 7*. Sid. ; M< 192. 
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ur 
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D 




Hertfobd.* 
Barret, Hit ». 10 - - 










: 6 




8 


9 9 


Bromley, by Bow, Mid. i 










RomfoH, Es,.t. 12 - - 






7 


12 12 


Somers'Town, jtfM.2 - 
















7 


13 


V/tle.Hert,. 21 - - - 










H.riL.t 










Bererley, York. 180 - 




10 13 


17 17 1» 


Hull. U1. Y^rk, 171 - 










Ditto, 2nd. - - - - 










Scarborongh, York. 214 






18 


23 23 23 


Newport, Hant,. 100 - 


i * 




g 


9 


Poole, O™/. 106 - . 








10 14 


KJiiRWOod, Hani,. 91 - 






10 


13 IS 








1* 




WincheBtet, ff«n(i. 63 - 






10 


10 


Lancaster.§ 










BlKkbum, La-rni. 210 


1 2 




4 


ti 9 


Kendal, WtH. 261 - - 


1 i 




S 


11 11 


Lancaster, Lancoih. 239 


f 1 






9 15 


Preston, LaneBshire, 218 


i 7 




13 




Oarslang. Lmca^h. 228 






12 20 20 24 


1eei>s.|| 










Bradford, York. 197 - - 








3 5 5 a 9 


Leeds, I St. York. 196 - 










Leeds, 2nd. (/f™.lc(.) - 






2 


2 4 


Leeds, 3rd . . . - 






10 


10 10 


Armley, neor Leedi, 169 






3 


5 5 6 « 8 


WalteBeld, IsL, York. 187 






S 




Wakefield, 2nd. - - - 






8 


8 9 



• Herifbrd, (Ab, 1, DuriamPlaet Eatl, Hacktuy Road,)— Hoddesdon, 
Ware, HertTurd. KataeUl. Barnet. Ed),-effare. Barkini. Itomford. Brent- 
w(K>d. Oiuar, Harlow, Epping, Waltham. Eafleld; a.nd:8onien' Town and 
Biunlej are dutrfi^M, but culled at the chief office. S. 1091. ; C. liaj. : 
D.ieo,^. 19<.6id.; M.119. 

1 HuJ(.— Suuth Cave, Market Weightou, PacUiogton, Malton, Scar- 
borough, Hunmaaby, BridLington. Driffield, Beierley, Honisea. Patrloglon 

J lifinflTisI", 
Ciislle, Warcliini 



ith Ken 



-. «W.i C. im.; D. ftj,Sl„. ._. 

[Saulhamiilm.y-rotdiBglinAee, Bingwood. Puule. Carfe 
.Wimburne.Chrislchurch.Lyminglon, ' 

rrt, Rycle, Cowes. Southampton, Wallham, Alterfgtd, 
iSOt.; C.im.; D.6a,IXil.5i.5iii.; M.*W. 

1 LauauleT.-HaTnby. Kirkby. Sedbenih, Kendal, MUathorp, Burtoa, 
" -- "■■'-' - Prenton. BUckbum.HaslLn^en, Clithero, 



iTutd, and Wlnetieitar. 



Oaritang, Ptiulton. Kitkhi 



0. 8e,S431. 4i. Td. 1 M. I!l5. 



IZai^.— Bradfuid, Biogley, Otley. L^dfl. WakeQeld ; ajid Armley dfi 
lit collected in Lecdi. S. UOI. ; i C, IWt. ; D. iVI.HJt. Si. (^d. i M. fri 
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Lichfield.* 
Bitmiiig)uni,tit.l^ar.: 
Ditto, 2ad. - - - 
Ditto, 3rd. - - • 
Ditto, 4lh. ... 
Ditto, fith. . - - 
LichAeld, Sl^nrdth. 
■VV'alflall, Slafordih. V 
tlMCOLH-t 

Brigg, Lincsftiri. 153 
Gainabro' Lincalnth. 
Honicaille, Lincoln. 
Lincoln, Lncoltuh. V. 

Loulh, Lincolfith. 144 
Retford, Kolliagham, 
Worksop, falling. 14 

I-iverpool, lit., Lan. 
Ditto, 2nd, . . . 
Ditto, 3id. - . . 
Ditto 4ih. . - , . 



Dereham, Norfiilk, H 
Ljiin, Xrir/alk, 97 ■ 
Thettord, Nor/oli. BO 
Wells, Kor/al/f, 119 ■ 

Manchester.|[ 
Ashton, Lane. 186 - 
Manchester, lat. Lan. 
Ditto, 2nd. - - - 
Ditto, 3rd. - - ■ 
Rochdale, Laneaih. 1 

Newcastle.* 
Berwick, Norlh. 334 



t. 


Incl. 


Kiel. 




FromHeiidence. 




5" 


67 


— 






e!> 


77 








67 


54 








40 


40 








187 
278 


136 

193 




2 4 10 10 

3 8 8 8 B 




18-t 


171 




4 4 9 




*37 


241 


10 


)0 10 12 14 




347 


277 




6 12 14 19 




47e 


345 




11 11 IB 18 20 




301 


100 




7 10 




350 


193 


10 


13 IS IT 17 




279 


264 




10 10 14 15 




200 
29 


191 

20 


J 


1 7 7 




28 


22 








24 


19 








24 


24 








24 


15 






3 


199 


29 


2 


2 4 4 7 


7 


522 


147 


4 


7 10 10 12 12 18 




387 




6 


8 12 12 15 


; 


357 
328 


19( 




13 15 IS 21 

10 10 10 12 




439 


404 




4 4 5 5 6 9 10 




123 


113 




2 2 2 2 2 3 


s 


27.'- 


2+5 




13 4 6 6 


3 


245 


197 




2 2 3 3 4 


6 




301 




4 6 9 




433 


55 


S 


15 20 30 30 30 30 



• UcftfiM, ISinningtiBn.) — hlTminglmB, Wilull, Sutton, LIchfleld. 
Tunvorth, uid ColegMlt. S. WOI. ; C. 1401. -. D. aDl,SS3f. lli. «jij. ; M. M- 

T iinaJn. — Tuxford, nplford, Wgrkiup, BLythe. Crowle, Epworth. 
O^nshorough. Kirton, Winlerton. Barton, BriKK.Ciiator.Gtimshj. Louth. 
Alford, Burirh, SpiLiby, Homcaslle. Wragby, lUisla, tnd Linroln. 8. 4001. 
C. 1*W. ; D. 145.7431. 1(. M. ; M. 250. 

t Llverpa^.—Uyerpoo]. S. 5S0/. : 1 C, IMI. :SC. IIW.; ««.M1I. 0.. OJd. 

) Ztmn.— DonnhHD, BlokE P^rty. Brandon. Thetford, Rarling, Di>i. 
BuBkMih«in,Wvmondiiam,HinEhain, Walton, S«affham,Uereham.R«- 
pham. Holt. FelLenham, Wells. Surnbun, SnEtlisham, and Lynn. 8. 4001. ; 
t. 140J. ; D. iie,S35[. iGi. TH. ; M. ail. 

II MmclftleT. — Bochdale, Oldham, Aahton, Middleton, SaUord, and 
Hancheater. S. 4501.; G. 1401,; D. 141,93IJ. 15>. sicJ.; M. 94. 

• Nncautle on I^.— Novcaitle, Gateshead collected in Newcutle. 
M'TTpeth. Warhworth. AlnvlFk, Belford, Berwick, Wooler. Rolhbuiy, aiLd 

. .'Nurlli3hiekl).S.4S0t.iC.14OI.; D.Zm^Ui. ISi.Hd.; M. 143. 
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Newcastle, cotitinuetf^ 
Gateshead, Durham^ 270 
Morpeth, Nor thumb. 2^5 
Newcastle, 1st. North. 21 h 
Ditto, 2ncL - . _ - 
Ditto, 3rd. - - - - 
North Shields, North.277 

Northampton. f 
Daventry, Northump. 72 

Boswcrth, Lei 81 

Melton Mowbray, Lei. 1 05 
Northampton, Nhum//. (id 
Oundle, Northamptcn, ) 7 
Uppingham, Rut and^ 8J 
Wellingboro', Nhump. ()8 

NoRTHWCCH.J 

Congleton, Cheshire j 162 
Frodsham, Cheshiie^ 19L. 
Macclesfield, Chesh. \7(i 
Knutsford, Cheshire, 176 
Stockport, Cheshire, 179 
Warrington, Lancash. 188 

Norwich. § 
Bungay, Suffolk, 109 
CoXli^hnW, Nor oik 1J9 
Norwich, Norfo.k, 111 - 
Yarmouth, Norfolk ^ 124 

OXFORD.JI 

Banbury, Oxford, 75 - - 
Buckingham, Bucks, 58 
Burford, Ojford, 73 - - 
Shrivenham, Berks. 68 
Oxford, 55 - - - - 
Witney, Oaford, Qii - - 



D. 

5 

1 



1 

t 



1 

2 








8 



8 



R. 

5 


Incl.| 


313 


7 


411 




39 


2 


134 


1 


12t 


4 


2U 


(i 


260 





29.i 


o 


i;82 


4 


201 


7 


344 


5 


270 


• V 


265 


4 


397 


5 


354 





463 




'ili) 


5 


SW 


1 


98 


6 


426 


9 


547 


1 


116 



ExcL 



4 3 



187 

300 
269 
269 
292 

202 
242 



From Residence. 



129 

48 
S9 
99 
76 
142 

164 

178 
182 
156 
222 
16() 
l7o 

293 
223 
344 
229 
247 
71 

109 
216 

47 
96 

270 
218 
241 
226 
143 
194 



2 3 5 8 16 16 
10 11 11 11 15 16 

2 2 2 2 

4 5 16 

« 4 8 8 11 11 



4 
7 
6 
3 
8 
3 
4 

2 

6 
1 

7 
1 



5 

7 
7 
3 
8 
7 
6 



6 

7 
7 
4 
9 
7 
6 



8 
10 
10 

8 
10 

7 

8 



8 10 
14 18 
14 

12 
10 
12 



8 11 12 15 

6 9 12 12 19 
3 3 8 11 17 

7 7 7 10 12 
2 3 5 9 



2 5 6 6 8 13 15 
4 8 8 3 9 10 10 13 

3 3 10 

4 4 6 7 8 12 
8 9 9 12 12 

5 5 8 10 10 12 
4 6 7 9 13 

2 3 8 9 

6 7 14 15 20 



T ^or/Aamp/on.— Wellingborough, Higham, Thrapston, Oundle, Cliffe, 
Weldon, Kettering, Uowell, Harborough, Melton, Oakham, Uppingham, 
Hallaton, Boswortn cuilected at Harburough, Haddon, Rugby, southam 
Daventry, and Nurthampton. S. 350/. ; C. 140/. ; D. 109,698/. Am. Ohi. ; 
M. 195. 

% Northwich^ (Knutsford.) — Warrington, Runcorn, Frodsham, Tarporley, 
Northwich, Knutsford, Altrinchara, Stofkport, Macclesfield, Longaor, 
Leek, Congleton, Sandbach, and Middlewich. S. 450/. ; C. 140/. ; D. 174,594/. 
9*. OW. ; M. 144. 

\ Norwich. — Wiilsham, Avlesham, Loddon, Bungay, Harleston, Beccles, 
Lowestoft, Yarmouth, and Norwich. S. 430/. ; C. 140/. ; D. 182,477/. 15#. 
7id. ; M. 1 15. 

II Oxford. — Bicester, Buckingham, Winslow. Brackley, Banbury. Ded- 
diugton, Chiiming Norton. Charlbury, Woodstock, Hampton, Famngdon, 
Lambourn, Swindon, Wootton, Highworth, Lechlade, Fairford, North- 
leach, Burford, Witney, and Oxford. S. 350/.; C. 140/.; D. 94,427/. 2#. 8W. ; 
M. 208. 
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D. 


R. 


Incl. 


Excl. 




From Residence. 


"Pi VMflfTTII 4( 
















Devonport, Devon. 218 


3 


3 


19(' 


1^5 


7 


9 




Xingsbridge, D< von. 207 


:i 


4 


2t;i 


2M) 


4 


5 


8 14 


Callington, Comwallf 214 


2 


5 


4(i3 317 


7 


9 


9 9 10 17 


Plymouth, Devon. 216 - 


6 




4.) 37 


1 






Totuess, Devon. 196 - - 


3 


5 


311 


244 


7 


8 


8 10 11 13 


READING.f 
















AbingdoDy Berks. 56 


3 


4 


2.33 


151 


3 


3 


5 10 10 


Henley, Oxford, 35 - - 


4 


3 


'278 


153 


4 


5 


8 8 


Hewbury, Berks. 57 - - 


2 


^ 


262 


l.>7 


2 


4 


6 10 


Heading, Berks. 39 - - 


3 


5 


322 


98, 5 


6 


7 9 


Wallingford, Berks. 45 


1 


5 


i^'29 143' 3 

1 


3 


5 7 


Windsor, Berks. 23 - - 


3 


5 


209 


64 


3 


5 


5 7 10 12 


Rochester.^ 
















Dartford, Kent, 15 - - 


3 


5 


253 


12S 4 


7 


8 8 9 10 


Deptford, Kent, 4 - - 


8 


1 


119 


53 


2 


2 


2 3 4 4 


Maidstone, Kent, 34 - - 


4 


3 


223 


123 


4 


7 


10 


Mailing, Kent, 29 - - 


3 


4 


241 


166 


2 


4 


7 8 8 11 


Kochester, Kent, 29 - - 


4 


5 


298 


8(1 


2 


2 


2 4 11 11 2L 


Seven Oaks, Kent, 24 - 


1 


6 


377 


197 


2 


6 


7 9 13 13 


SaLI8BURY.§ 
















Andover, Hants. 63 - - 


1 


6 


284 


200 


4 


6 


7 14 16 


Basingstoke, Hants. 45 


3 


6 


410 


216 


3 


8 


8 10 12 12 14 


Devizes, ^f7^«. 88 - - 


3 


4 


234 


189 


1 


6 


6 7 12 


Marlbro', Wilts. 74 - - 


4 


4 


272 


140 


4 


7 


7 11 12 14 


Romsey, Hants. 73 - - 


2 


5 


305 


161 


8 


9 


10 14 


Sarum, Wilts. 81 - - 


3 


4 


212 


180 


3 


8 


13 


Salof-I 
















Broseley, Salop. 144 


4 


3 


219 


82 


2 


4 


4 5 16 


Newport, ^Sa^o;?. 140 - - 


1 


6 


327 


301 


3 


6 


7 9 9 


Salop, 1st., Salop. 153 - 


3 


4 


253 


20o 


1 


1 


6 9 11 


Ditto, 2nd. - - - - 


2 


5 


284 


248 


3 


7 


8 13 


Wellington, Salop. 142 


4 


5 


252 


241 


1 


3 


4 4 4 8 8 


Bridgenorth, Salop. 138 


2l 5 


288 


234 


4 


6 


7 12 



• PZywiott/*.— Totness, Ashburton, Newton, Torquay, Brixham, Dart- 
mouth, Kingsbridge, Modbury, Saltash, Looe, Liskeard, Callington, Ta- 
vistock, Devonport, Plymton, and Plymouth. S. 450/. ; C. 140/. ; D. 121,931/. 
18». 3id. ; M. 167. 

+ Reading. — Newbury, Ilsley. Wantage, Abingdon, Dorchester, Wat- 
lington, Wallingford, Henley, Marlow, Colnbrook, Windsor, Maidenhead, 
Wokenham, Aldcrmaston, and Reading. S. 350/. ; C. 140/. ; D. 168.150/. 
7*. 7Ad. ; M. 163. 

X Aoc^*<«".— Deijtford, Greenwich, Woolwich, St. Mary Cray, Dartford, 
Gravesend, Tunbridge, Seven Oaks, Westerham, Wrotham, Mailing, 
Maidstone, Lenham, Milton, and Rochester. S. 450/. ; C. 140/. ; D. 244,250/. 
19*. IIH; M. 161. 

\ Sarum or Salisbury. — Andover, Whitchurch, Eingsclere, Basingstoke, 
Odiham, Alton, Stoekbridge, Lavington, Devizes, Marlborough, Hunger- 
ford, Bedwin, Pewsey, Amesburv, wilton, Romsey, and Salisbur)'. S. 
350/. : C. 140/.; D. 124,136/. 2t. 20. ; M. 223. 

j] ScUopt {Shrewsbury ) — Stretton, Wenlock, Bridgenorth, Shiffnall, 
Broseley collected at Ironbridge, Newport, Eccleshall, Wellington, and 
Bhrewsbury. S. 400/. ; C. 140/. ; D. 95,292/. 5». lOJ. ; M. 121. 
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Sheffield.* 
Chesterfield, Derhysh. 157 
Doncaster, York. 164 - 
Rotherham, York. 160 - 
Sheffield, Ist York, 163 
Ditto, 2nd. - - - - 
Tideswell, Derby. 161 - 

STAFFORD.f 

Burton onTrent, Staff. 1 24 
Hanley, Staffordsh. 151 
Newcastle, Staff. 149 - 
Penkridge,5'/ajforrfffft. 130 
Stafford, Stafford, 141 - 
Cheadle, Stcfford, 143 - 
Tutbury, Stafford, 136 - 

Stourbridge.^ 
Eewdley, Worcester, 127 
Dudley, Worcestersh. 127 
Spon Lane, Ist Staff. 114 

Ditto, 2nd, 112 - 
Stourbridge, 1st. Wor. 123 
Ditto 2nd, {Brettle Lane,) 

125 

Bilston, Staffordsh. 120 
Wolverhampton, Do. 123 

SUFFOLK.§ 

Bury, Suffolk, 71 - - 
Hadleigh, S^ffolk, 61 - 
Ipswich, Suffolk, 69 - - 
Stowmarket, Suffolk, 69 
Sudbury, Suffolk, 54 - - 
Woodbridge, iJi/Jo/A:, 77 
Halesworth, Suffolk, 102 

SURREY.|| 

Battersea, Surrey, 3| 
Brentford, Middlesex, 7 



). 


R. 
4 


IncL 


Exel. 




From Residence. 




3 


241 


90 


2 


a 


7 


8 






3 


5 


J6^^ 


140 


6 


8 


9 


10 






3 


4 


«39 


186 


3 


3 


7 


8 






6 


« 


193 


126 


2 


2 


6 


6 






6 


3 


226 


93 


2 


2 


4 


5 








7 


543 


271 


8 


8 


9 


9 


12 17 




4 


3 


192 


145 


2 


5 










4 


4 


253 


193 


2 


2 


4 


4 


4 




5 


3 


153 


130 


2 


4 


4 


5 


6 






7 


338 


309 


5 


5 


7 


8 


9 9 




3 


5 


294 


259 


6 


6 


6 


7 


7 




•i 


5 


?96 


265 


3 


5 


7 


r 


8 




1 


6 


333 


272 


7 


10 


10 


10 


10 




4 


5 


275 


233 


3 


3 


3 


3 


4 5 


8 


5 


tz 


94 


87 


1 


2 










2 


b 


186 


167 


3 


3 


4 


4 


4 




3 


4 


-205 


202 


4 


4 


7 


7 


8 




6 


1 


lOS 


95 


2 


2 


3 








1 


6 


189 


181 


2 


2 


4 


4 


4 




1 


7 


26j' 209 


3 


3 


4 


4 


4 




5 


3 


145 125 


2 


5 










2 


6 


278 149 


6 


7 


10 


10 






4 


4 


2161 149 


3 


6 


6 


8 


10 6 




6 




S'i] 26 














2 


6 


354' 162 


4 


6 


8 


14 


15 




3 


5 


283! 137 


1 


3 


6 


8 


8 8 


10 


3 


5 


36*1 206 


5 


8 


9 


9 


13 14 




1 


6 


35j 


» 121 


8 


10 


12 


13 


16 




6 




75 


. 61 


2 


2 


2 


3 


4 




4 


2 


101 


7i 


1 


2 











• Sa<^W.— Tickhill. Bawtry, Doncaater; Rotherham. Dronfield, Ches- 
terfield, Bakewell, Buxton, Tideswell, Hope, and Sheffield, 1st. and 2iid. 
S. 350/.; C. 140/. ; D. 129,143/. 12^. l^d. ; M. 113. 

+ S/a/brd.— Cheadle, Lane End, Stone, Hanley, Burslem, Newcastle, 
Rugeley, Bromley, Burton, Tuthur.v, Ultoxetef, Stafford, Penkridee, 
and Stafford. S. 350/. ; C. 140/. ; D. 105,948/. 2*. 7|^. ; M. 123. 

t Stourbridge.— 8ponla.ne, 1st. district collected at Westbromich, &c. ; 
and Sponlane 2nd., at Smethwick, &c. ; Wednesbury, Bilaton, Dudley, 
Stourbridge, Wolverhampton, Halesowen, Kidderminster, Bewdley, and 
Klnver. S. 400/. ; C. 140/. ; D. 322,226/. Os. \d. ; M. 87. 

\ Suffolk, {Ipsvnclt.) — Stowmarket, Burj' St. Edmunds, Lavenbam, Clare, 
Sudbury, Nayland, Needham, Ixworth, Botesdale, Eye, Debenham, Fram- 
lingham, Halesworth, Southwold, Saxmundham, Woodbridge, Hadleigh, 
Bildeaton, and Ipswich. 8. 450/. ; C. 140/. ; D 232.003/. 19*. 6W. ; M. 216. 

II Surrey, {Brentford.yStaines, Chertsey, Woking, Kingston, Southwark, 
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Surrey, continved. 
Chertsey, Surrey ^ 19 
Croydon, Surrey, 10 
Kensington, Surrey, 2 - 
Kingston, Surrey, 12 

Sussex.* 
Arundel, Sussex, 60 - - 
Battle, Sussex, 56 - > 
Brighton, Sussex, 55 - - 
Dorking, Sussex, 23 - - 
Lewes, Sussex, 50 - - 
Tunbridge Wells, Kent 36 

UXBRIDGE.f 

Aylesbury, Bucks. 39 
Hemel Hempstead, 

Herts. 23 - - - - 
Leighton Buzzard, /?^'''.41 
Uxbridge, Middlesex, 15 
Wycombe, Bucks 28 
St. Albans, Herts. 21 - 

Wales East.J 
Abergavenny, Mon. 146 
Brecon, Brecon, 171 
Bridgend, G/a7wor^flr«, 181 
Cardiff, Glamorgan, 159 - 
MerthyrTidvil, Gla. 171 
Swansea, Glamorgan, 206 

Wales Middlk.§ 
Aberystwith, Cardig. 208 
Dolgelley,Afen'owe<^, 208 
Kington, Hereford, 154 - 
Knighton, Radnorsh. 159 
Llanfyllin, Montgom. 182 
Welshpool, Mon. 177 - 



E 


6 

• 3 

1 


Incl. 

; 366 

216 

74 

118 


Excl 


• 
• 


From Residence. 


1 
4 
7 
6 


226 

IOC 

48 

82 


4 

) 4 

! 2 

4 


5 5 7 9 10 
4 6 7 8 
2 2 3 5 
5 


2 
I 
4 
2 
2 
2 


6 
6 
4 
5 
6 
8 


380 
443 
266 
470 
314 
483 


293 
351 
218 
331 
197 
340 


5 
6 
2 
5 
3 
4 


9 9 10 15 15 
6 7 8 13 16 
6 10 15 
6 7 14 14 14 
3 8 9 10 16 
8 8 9 12 16 


2 


5 


328 


201 


6 


8 10 10 13 


1 
2 
1 
5 
4 


5 
6 
6 
3 
3 


195 
340 
343 
222 
206 


81 
230 
118 

85 
121 


2 

4 
4 
2 
4 


4 5 9 9 
7 7 8 8 9 

4 5 8 11 11 

5 5 6 9 

6 8 8 U 


;i 

1 
1 

3 

1 
S 


7 
6 
7 
5 
7 
6 


480 
475 
466 
339 
36S 
414 


475 
419 
428 
316 
122 
387 


5 
9 
7 
3 
3 
4 


5 6 10 10 11 
12 17 17 
10 12 13 19 %5 
12 12 12 15 

3 8 10 13 18 

4 5 12 12 13 


1 

1 
2 

2 


5 
7 
6 
6 
7 
7 


384 
462 
381 
532 
374 
438 


292 
174 
310 
483 
208 
347 


9 
11 
5 
7 
6 
5 


17 2J 

18 18 19 19 19 
7 14 14 19 

7 13 13 14 24 

7 7 9 13 18 

8 14 14 14 28 



Bromley, Croydon. Ewell, and Brentford. 8. 400/. ; C. 140/.; P. 767,298/. 
\\». 2|<i. M. 109. 

• Sussex, {Lewes).— "EsLSt Grinstead, Tunbridge Wells, Wadhurst, Rye, 
Hastings, Battle, llaiUham, Shureham, Steynin<^, Worthin'?, Arundel, 
Storrinjfton, Pulborougb, Horsham, Dorking, Reigate, Cuckneld, Brigh- 
ton, and Lewes. S. 400/. ; C. 140/. ; D. 202,7^9/. '6s. 5J(/ ; M. 243. 

♦ t/jF6art<i«e.-^Watford, St. Alban's, Redbourn, Luton, Dunstable, Tod- 
dington, Wobum, Fenny Stratford, Leighton, Aylesbury, Thame, Risbo- 
rough, Wendover, Trinjj, Ivinghoe, Berkhampstead, itempstead, Rick- 
mansworth, Chesham, Amershara, Wycomb, Beaconsiield and Uxbridge. 
8. 350/. ; C. 140/. ; D. 173,468/. U. B^d. : M. 175. 

t finales East. (Ciarf/Z/T)— Cowbridgc, Bridgend, Neath, Swansea, Llanelly, 
Merthyr, Brecon, Buillh, Crickhowi'H, Abergavenny, Pontypool, Newport, 
Lantrisscnt, Caerphilly, and Cardiff. S. 350/. ; C. 140/. ; D. 82,329/. 0«. 
lOld. * M. 253. 

\ Wales Middle, {WeUhpool).—W\%ho^*9 Castle, Clunn. Knightou, Pres- 
teign. Hay, Kington, Radnor, Rhayader, Tregarron, Aberystwith, Llanydv 

A \ 
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Wales North.* 
Caernarvon, Caernar.250 
Conwaj, (North Wales), 
Caruarwm, 263 - -. 
Denbigh, Denbighsh. 218 
Holywell, Flint shire ^ 207 ^ 
Llangefni, Anglesey. 247: 
Wales WEsT.f | 
Caennarthen, Caerm. 232 
Haverfordwest, Pemb. 25 1 1 
Llandilo, Caermarth. 20'2\ 
Cardigan, Cardigan^ 233| 
Pembroke, Pembroke , 248 

Wellinoton.J 
Bridgwater, Somerset, 1 36 
Jlminster, Somerset, 133 
Taunton, Somerset, 144 - 
Wellington, Somerset 151 
Yeovil, Somerset, 122 - 

Whitby.§ 
Bedale, Yorkshire, 223 - 
Richmond, Yorks. 235 - 
Stockton, Durham, 238 - 
Thirsk, Yorkshire, 217 - 
Whitby, Yorks. 244 - - 

WiGAN.II 

Bury, Lancashire, 195 - 
Bolton, Lancas. 197 
Ormskirk, Lancas. 220 - 
Wig an, Lancas. 200 
Thattoheath, Lancas. 198 
Parr, Lancashire, 198 - 



K'lLiIncLi 


Excl. 
245 




From Residence. 


1 
2 


5 


393 


2 20 21 21 21 




2 
2 
2 


7 
7 


425! 
390 
373 
369 


144 
145 
153 
118 


4 

3 
5 

8 


7 9 12 12 

6 8 8 20 

7 10 10 14 
10 12 14 16 


16 


2 
2 

1 

1 


6 
6 
8 
7 

4 


416 
414 
614 

499 
669 


168 
254 
537 
253 
514 


7 
1 
6 

3 


10 10 13 
7 8 13 17 
7 12 12 12 

10 12 20 20 
3 6 11 12 


12 12 
15 22 


2 
2 
3 
3 
3 


5 
5 
4 

6 
4 


309 

290 
249 
329 
276 


202 
191 
194 
281 
212 


3 
6 

1 
4 
6 


5 8 9 

6 7 7 8 
2 5 7 

7 7 7 8 
6 6 6 8 


10 

13 13 
11 


3 
3 
3 
1 


/ 

5 
5 
5 
5 


429 
412 
359 
498 
430 


284 
297 
208 
283 
172 


4 
6 
2 
9 
5 


6 6 12 24 30 

8 10 12 13 13 
5 6 11 13 14 

9 10 10 14 20 
11 21 27 


1 

3 
1 
1 
4 
2 


7 
4 
G 
6 
2 
1 2 


379 
223 
413 
401 
165 
128 


313 
208 

1 319 
262 

' 41 
35 


3 
2 
6 
8 
2 
2 


4 4 5 
2 4 

9 17 17 20 
8 5 
2 3 3 

5 5 





Ices, Newtown, Welshpool, Llanryllin, Bala, Dolgelly, Machynleth* 
Llanfair, and Montgomery. S. 350<. ; C. 140/. ; D. 37,332/. 7«. 2d. ; M. 333. 

• /Fales, Nurth, Carnarvon) — Lanrwst, Corwen, Ruthin. Denbigh, Mold, 
Flint, Holly well, St. A flanh, Aborgelo, Conway, Baneor, Pwllheli, Carnar- 
von, Holyhead, Llauerrhvmedd. Llangefni, and Beaamaris. S. SSMM. ; 
C. 140/. ; D. :«,9Gr)Z. 0*. 4\d. ; M. 230. 

t fFales^ West, (6\i/?/7niWA^).— Narbeth, Tenby, Pembroke, Milford, 
Haverfordwest, St. Davi'l's, Fishguard, Newport, Cardigan, Newcastle, 
Lampeter, Llansawell, Llandovery, Llan<;adock, Llandilo, Caermarthen, 
Langhame, and Kidwelly. S. 400/. ; C. 140/. ; D. 30,S&4/. 3#. ; M. 239. 

X WeUinglon, iTamtun^ .Sf.m'Mc'/tfAire.— Stowey,Bridgewater, Milverton, 
Wiveliacombe, Uir-ulm. C lluinpton, Wellington, Lan^port, Somerton 
Ilchester, Sherborne, Yeovil, Petherttm (South), CrewKerne, Chard, ll-» 
minster, Lydeard, and Taunton. S. 350/. ; C. 140/. ; D. ei\,bSiL I9s. Sfd. ; 
M. 177. 

J W^i7ft^,<TZ(i>**\— Masham, Middleham, Hawes, A^krigg, Leybnm, 
Bedale, Korthallerton, Thirsk, llovinghani, Hemlsley, Kirby, Pickerins, 
Bgton, Ouisborouii''i,Sr')ko<<lev, Yarm, Stockton, Darlington, Richmona, 
Reeth, Easingwol J, an I Whitby. S. 400/. ; C. 140/. ; D. 51,168/. i8<: QlcL ; 
M. 315. 

U W^^onUUotton,.— L i^h, Wigan, Thattoheath collected at St Helena ; 
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"Worcester.* 
Bromsgrove, f Forces. 116 
Evesham, Worcestert 99 
Stratford-on-Avon, War- 
wickshirej 94 - - - 
"Worcester 1st, WorcAW 
Ditto 2nd, - - _ 

YORK.f 

Knaresboro', Yorky 202 
Pontefract, York, 177 - 
Snaith, York, 173 - - 
Tadcaster, York, 186- - 
York, York, 196 - - - 



D. 
2 


R. 


Incl. 


Kxcl. 
233 


5 


301 


2 


5 


304 


241 


3 


5 


275 


216 


5 


2 


J51 


117 


4 


3 


172 


133 


3 


6 


388 


245 


3 


5 


187 


181 


1 


7 


415 


26-1 


2 


6 


372 


291 


4 


3 


241 


129 



From Besidenc*. 

4 6 6 7 10 

5 7 7 8 9 

8 8 8 10 12 

8 8 

1 6 10 10 

5 6 8 8 U U 15 
4 4 4 5 5 5 

8 8 8 9 10 10 15 

4 6 6 7 9 11 13 

6 8 



SCOTLAND. 



Aberdeen.^ 
Aberdeen, 1st. Aberd. 528 

Ditto, 2nd., - - 
Ditto, 3rd, • - - 

Aboyne, Aberdeen, 558 - 
Old Meldrum, Aberd. 546 
Longside, Aberdeen, 560 

Atr.§ 
Ayr, At/r, 438 - - - 
Greenock, Renfrew, 427 
Paisley, Aijr, 413 - - 
Kilmarnock, Ayr, 27 
Rothesay, Bute, 453 - - 
Dumbarton, Dumb, 420 



D. R. 


Incl. 
23 


Kxcl. 


7 




16 


5 


6 


290 


53 


2 


6 


386 


133 




7 


760 


178 


1 


6 


327 


56 


3 


7 


378 


239 


2 


5 


410 


154 


7 


1 


103 


18 


8 


1 


125 


60 


4 


4 


295 


159 


1 


6 


815 


14 


3 


5 


221 


24 



2 
9 
3 

5 

4 
1 



From Residence. 



15 15 

6 8 14 16 16 18 

5 11 18 19 21 

7 8 11 15 

6 7 7 10 13 15 

[16 16 28 



9 12 16 22 

4 4 

3 5 7 14 15 
14 32 32 42 42 

4 8 8 13 13 



Parr collected at St. Helens, and Prescot; Ormskirk, Chorley, Bury, 
(Lancashire,) and Bolton. S. 400/. ; C. 140i. ; D. 108.533/. ig. 8d. ; M. 118. 

• Worceater. — ^Bromsgrove, Alvechurch, Droitwich, Upton, Aieester, 
Henley (in Arden), Stratford, Kineton, Bidford, Evesham, Persbore, and 
Worcester, S. 400/. ; C. 140/. ; D. 131,042/. \2s. G^d. M. 144. 

+ York. — Harewood, Wetherby, Aberford, Pontefract, Sherbum, Tad- 
caster, Knaresborough, Ripley, Patelybridge, Ripon, Boroughbridge- 
York, Howden, Goole, Thome, Saaith, and Selby. S. 350/. ; C. 140/. ; D. 
95,669/. \2s. ; lO^d. ; M. 305. 

% Aberdeen. — Stonehaven, Kincardine O'NeU, Inverary, Oldmeldrum, 
Olddeer, Fraserburgh, Peterhead, £llon, and Aberdeen. S. 400/. C. 140/. 
D. 87,457/. 2s. 8|(/. M. 191 

\Aurt {Greenock). — Paisley, Port Glasgow, Rothesay, Dxmoon, Dumbar- 
ton, Beith, Irvine, Ayr, Maybole, Mauchline, Kilmamoch, and Greenock. 
S. 450/. ; 1 C. 140/. ; 1 C. £120 ; D.98,352/. IQs. l|c/. M. 212. 
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D 


R. 


IndJElcl, 


Fnm RnldFoa. 


AROtLE HOBTH* 

Fori WlUiam, I«y. 54C 










4] 857 


123 


2 10 40 41 


LoDg [ilBnd,(Storiiowaj) 










IiUofLncis 534 - . 




5 747 


6 


34 m 90 136 


Ui>U, (Tobera.017) I.U 










rfM„lt,b^ . . ■ 




5 764 




17 28 30 40 


Obin, Argv'', 600 - - 




4 650 


105 


14 14 16 13 


Bradford././, n/Sy, 652 




3 - 




i2 26 26 


Poolewf. /(««*;.. .648- 




4 




6 36 38 


ABOVLE BrjTH.t 
























»«. 49" 


8 


J 




23 


2 


Dillo lad, 


10 






25 




Du.<.3rd, 


6 






21 


2 10 


Innnn, Locheilphead, 












5 




49 


7 9 15 24 


NawlOD. ..Iray'oA.. 521 ■ 




3 




25 


2 3 6 6 8 18 


Port EUen, ArmUih. aoO 


5 


1 




G 


3 3 4 5 


C*:THNK78.t 












Orkney, »-ih™fl, 756 - 


3 




13 


16 16 16 16 30 


Tb<ir».Cm>*, TiO . . 


4 


2' 


29 


2 4 7 8 48 






3 






6 40 


Wick. C«ill,, 698 - 


2 


3 




30 


12 IS 19 


Helnwdals, S«ihtr. G6'2 


1 


3 






12 28 36 


DoMFBIES.i 












CuUflDaugUi, X.Vt.352 




4 




170 


8 12 15 15 


Dumrrieg, Dum/rin, 336 


; 


5 




218 


3 8 13 15 27 









162 


12 16 18 23 


Wigtown, ir.>im™, 391 


'. 


< 


124 


2 8 18 28 28 


EDiHBvmoH.n 












EdiDburgblit,£d>'i>. 307 






30 


21 




Dilto 2nd, ... - 


6 




23 


17 




Dilto 3rd, .... 


5 




18 


12 




Ditto 4ih, - - - - 


5 


1 


109 


60 


7 6 4 


Leith, Isl, Edmh-rgh, 399 


! 




25 


21 




Dillo 2ad, .... 


6 




45 


35 


1 2 



— thmiddy, 

ud Bcoidturd. B. sM. C. 1401. D. 13,4T^. 15i. Old. 

■T Argylr.SoutkfCampMlmmy—Kowmoiiy, Poll Ellpn. Lochg; 
Cuupbellown. B. 3MU. ; C.UOJ. ; D. in.SMM. 0>. 1]1<1. M. R 
t<Jnilft>iMf,(77*™i.-Thnr.o,'Wir-h, Btronineas. Dunl»«th 
Gohphic, Bnridalp, KlikwBll. ud Leiwick. 8. iitll. \ C. 1101. 
W. Hd. ; M. i'H. 

tOunrWet— lUMirk.Lsniiholni.'Annan, LorfcnliT, KlrkudbriEhl, Banqn- 
hir.Tbomhlll. Csillp DourIim. Galehuus?. WliitoHn. G]?n1ucG. Struinn, 
Nenton Blew art, and Uuiarrles. B. 300(1 C. 140/.; D. 3I,4«ni. «•. tl<I. 

U' fdOifciirgA.— Edinbuigti. S. GOOf . 1 C. SMM. S C. IKM. D. 4»e,K>3l. U. 4W- 
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Elgin.* 
Banff, Banff, 573 
Grantown, Morays.f 632 
Elgin, Elgin, 608 
Huntly, Aberdeensh,, 568 
Hothes, Elginshire, 620 

FlFE.f 

Dunfermline, Fife, 413 
Cupar, Fife, 444 - - 
Kirkcaldy, Fife, 410 . 

Glasgow.^ 
Glasgow Ist, Ltmark, 405 
Ditto 2ad, - - 
Ditto 3rd, - - 
Ditto 4th, - - 
Ditto 5th, - - 
Ditto 6th, - - 
Ditto 7th, - - 
Ditto 8th, - - 

Haddington.§ 
Dalkeith, Edinburgh, 391 
Pennycuick, Edinb,, 400 
Eyemouth, Berwicks. 349 
Haddington, Haddin. 379 
Kelso, Roxburgh, 343 
Musselburgh, Edinb, 390 

Inverness.II 
Drumnadrochit, Inv, 56G 
Inverness, Inverness, 553 
Tain, Rossh, 603 - - - 
Conanbridge, Rossh, 574 

Linlithgow.^ 
Falkirk, Stirling, 428 - 
Hamilton, Lanark, 386 - 
Lanark, Lanark, 389 - - 
Linlithgow, Linliih. 415 
Queensferry, Linlith. 407 



D. 

5 
2 
6 
4 
3 

3 
4 
5 

6 
7 
7 

11 
7 
4 
6 
6 

3 
1 
I 
5 
1 



R.ilncl. Gxd. 



7 
5 

4 
7 



2 
5 



597 
493 

402 
528 
167 

149 
270 
170 

6] 

29' 
66 
41. 
13 
180l 
112' 
16 

137 
IbO 
252 
172 
517 
57 

692 
454 
504 

720 

139 
311 
492 
169 
76 



112 

90 

214 

131 

71 

81 

161 

97 

2o 

15 

29 

7 

11 
31 
73 
13 

81 

75 
102 

81 
244 

27 

19 
47 

29 
40 

76 
179 
342 
108 

44 





From Residence. 


2 
5 
2 
1 
2 

5 

c 


8 8 8 14 14 14 
5 14 21 21 28 
4 4 4 9 9 12 
10 10 10 10 10 14 
4 4 8 10 

12 14 

O 1A 1A 1A t/\ 



1 1 7 8 10 10 18 

1113 4 

11112 2 

2 

4 7 8 

1 1 3 6 10 11 11 
11112 2 

4 7 8 
3 8 

9 9 15 25 

6 6 10 11 11 

9 1 1 16 20 

3 3 4 4 

14 15 16 16 16 21 

5 8 18 20 

6 12 13 16 16 

2 3 4 5 12 14 

112 3 5 8 

3 6 8 9 2 10 10 

2 10 12 30 

7 7 II 

3 7 10 10 



* £^i«».—CulIen, Banff, Foggielone, Huntlej, Keith ,_Forre8, Orantown, 
M. 157. ~ 



Dalnashaugh, Rothes, and 



S. 350/. c! 140/. b. 68,782/. 18». j5<l.* 



t Fife, (inr*aW».)— Bamtisland, Inverkeithing, Dunfermline, Kinross, 
Auchtermnchty, Cupar, (FifeJ St. Andrew's, Anstruther, Leren, and 
Kirkaldy. S. 450/. ; C. 140/. ; D. 130,056/. b». 4|</. M. 98. 

X OlfiVMv.— Glasgow. S. 450J. ; 2 C. 140/. ; D. 460,042/. 11«. S4d. 

\ Sad&ngion, J^orth. — Berwick, Dunbar, Eyemouth, coUectea at AytoB, 
Dunse, ana Coldstream ; Kelso, Jedburgh, Selkirk, Melrose, Dalkeith, 
Pexmycuick collected at Dalkeith, Musselburgh, Tranent, and Hadding- 
ton. 8. 350/. ; C 140/. ; D. 164.143, 11«. 2id. M. 190. 

II Inoemess. — ^Portrose, Conanbridge, collected at Dingwall, InTer- 
flcnrdon. Tain, Beauley, Drumnadrochit, Nairn, and Inyemess. S. 850/. G. 
140/. ; D. 45,060/. IZs. Hid. M. 108. 

1TXs»/i/Agot9— Queensferry, Midcalder, Bathgate, Borrowitoness, Falkirk, 

AA 2 
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BUirgowrie, Pttthik. 453 
Dundee, Furfank. 450 
Forfar, Forf„T,h. 474 
MoDtioie, Furfarik. 4ES 

Aberfeldy, Prnhth ,^2 
Crief, Perth 452 - - 
Daokcld, Pirih. 454 

Penh, Perih. 440 - . 
Pillocfary, Pn-ih. 469 
Tulljmel, Pn-lh. 453 ■ 

SriRLl>G.* 

Sliiling. Hiirliag, 433 -I ft 






r, 431 



Ditto 2dJ, 

Kirk ittil Inch, Dumb. 413 

Kippen, Stirling, 442 



D 

3 


R. 






V 


1 


f> 


6 


3, 


7 


fi! 


5 


:-= 




3 




1 


ft 


1 


i 




•> 




4 


5 



543; 73 




1551 sr 


4 9 






6 8 -0 15 15 18 




9V 


8 8 9 13 13 13 


m 


173 






4-1 








263 


117 


1 5 9 12 
1 2 4 8 14 



881 54 2 3 4 

9G 55, 2 2 3 

461 4l' 3 4 3 

116, 49: 3 5 5 

135 17 2 3 3 

337! 5ll 3 6 6 



6 10 
b 6 
8 12 12 I 





IRELAND. 




ThedLilura.oKhal.i.hdl 


[icti.c 


itf pi tho 




laEEg 


uhmtli 




*(,«. ' """^ 


AnMAOH.j 




1 




Armagh, Arm„!,l,, 80 


3 6 12 


Middletown, ^™,«sA, 81 






8 8 11 14 18 18 


Dungmnnon, T^runr, 92 








Lurgan, Armoffh, B6 




: 


6 6 6 14 


ATIILOHE-II 








Alblotie, Wriimfnih. 7( 




3 


13 13 


CulUrea, Ro«-mi,., lUS 




) 


S 8 19 


Cftrricli on Shannon, 








£«(.™, 38 - - . 




i 


iO 12 26 


Longford, Longftr,/, 82 . 






6 15 23 



<T. Lanark, HItbi 



id Linlithgovi 



i-MUiei, mtf^nj. Lanark, HlrBtliBTen, Kimlllon, i 
a (MM. C. I«M. D. VXi,\m. I>. lid. M. 19T. 

• UvhItoi', {Dimdtt.)—Atbtoaf\i, Bervie. Liurence Kirk. Brechin, Kei. 
Henulr, Furfar, Unndec. Blairgowrie. Cunar (ABgus). and Moatnue. S. 
I(KI(.C l«W.l).R8,ial(. l«J.Sli/: M,195. ' ' » '■ 

* J^rtt.— Aui'hteranliT. CrieK Dunkeld. Pitlocliry. Weem, Tqllyutl 
•ollected at t/uinart, Perth. S. 4D0;. C. 14M, D.Bfl.WSI 8i.9Ji. M.15T, 

Ltdrland, kir)iiuliU«h">Dd Stiiling. i! 4S«rG.''iuf.''S!^l^W U. w! 

) .AllirjA — DDnRannon, Lurgan, Fortadown, Middlctown collected at 
■onuhaii, Halllnanly, AnghnacloT, Caledan. and Armagh, a. 4501. : 

^ll^tflww.- li.'ncQminon. BlrokeBtoim. Casllerea, Tohercorry, Ballj- 
l|adeie«i,1ta]|ii:(hT. Biiyle, Carriek-on-Shaoaon, Mohil, Qranjtrd, CaiOe 
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Clonmel.* 
Cashel, Tipper ary^ 97 
Clonmel, Tipper. 109 
CloughjordaD, Kiuffs, 88 

COLERAlNE.f 

BallymeDa, Antrim, 120 
Bally ronan, « Dernj, 113 
Coleraine, Derry, 145 - 
New ,Town Limavudy, 

Derry^ 13G 
Ballymoney, ^n/rim, 137 

CoRK.J 
Bandon, Corky 175 - - 
Cork l8t, Cork, 157 - - 
Ditto 2nd, ------ 

Ditto 3rd, 

Ditto 4th, 

Skibbereeu, Cork, 205 - 

Drogheda,§ 
Belturbet, Cavan, 78 
Drogheda, Louth, 29 
Navan, Meath, 30 
Dublin. II 
Dublin 1st, Dublin, 326 
Ditto 2nd, - - - - 
Ditto 3rd, • - * - 
Ditto 4th, - - - - 
Ditto 5th, .... 

DUNDALK.^ 

Garrickmacross, Mon, 54 
Dundalk, Louth, 51 - 
Newry, Armagh, 04 
Clones, Monaghan, 78 



D.I 


I. Incl. 

5 445 
2 22<J 
4 198 


>Excl 


Fro m Besidence. 


4 
4 
2 


21J 
11 
31 


» 4 4 4 10 10 10 14 
3 3 3 15 
10 U 11 


2 

1 


4 413 

3 326 

4 44fS 


IS 

a 

18 


> 4 11 14 14 

> 4 4 10 
11 14 


3 

2 


2 368 

3 311 


17 

6 


9 9 14 
1 1 16 


2 

5 
1 
2 
3 


4 443 
33 
4 61 
2 203 
1 163 
& 557 


36 
12 
2/ 
2tt 
14 
5 


12 18 20 

5 

7 7 
15 
20 20 24 56 


1 1 

3 i 

( 


S 526 
> 530 
J 682 


44 
20 
15 


10 10 10 20 

8 10 17 

9 10 14 23 


5 

3 i 
5 
5 
6 


34 
> 130 
25 
19 
19 


12 
14 
25 
19 
14 


^ 


2 5 
3' a 

3 4 
5 


527 
275 
535 

8231 


50 

47 

270 

3 


8 14 14 14 14 
10 

7 11 15 

8 14 18 18 



*CZoRine;.— Cloughjordan, Nenah, Thurles, Cashcl, Tipperary, Carrick-* 
On-Suir, Fethard, and Cluamel. S. 400/. ; C. 140/. ; D. 80,20d/. 17«. id, 
M. IBO. 

■I- Coleraine. — Dungiven, Newtown Limavady, Ballycastle, Bushmillf 
Kilrea, Magherai'elt, Antrim, Maghcra, Cookstown, Ballyronan, Bally 
mena. BaUy money, and Coleraiue. S. 350/. ; C. 140/.; D. 41,189/. bi. O^d. ; 
M. 2iS. 

t Cork. — Clonakilty, Skibbereen, Bantry, Dunmanway, Bandon, Kinsale, 
Macroum, and Cork. S. 450/. ; 1 C. 140/. ; I C. 120/. ; D. 188,139/. 16c. 7|d. ; 
M. 189. 

I Drogheda, — Baileborough, Belturbet, Eillesandra, Caren, Virginia^ 
Kells, Athboy, Trim, Navau, Balbriggan, and Drogheda. S.400/. ; C. 140/. 
D. 76,023/. lbs, 5d. ; M. 203. 

II />u6/tn.— Dublin. S. 600/. ; I C. 800/. ; 1 C. 150/. ; 1 C. 90/. ; D. 353,7341. 
18«. Hd. 

*[ iH0uia/Ar.—Castle-Blaaey,BaHybay, Clones. CootehlU, Carrickmacro8s« 
Kingscourt, Ardee, MV'aireuspuint, Newry, and Dundalk. S. 450/. ; C. 140/« 
D. 102,638/. 6t. %ii, M. 150. 
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PoXt'ORD.* 

Ballinrobe, Jfcfnyo, 143 
Ballina, Mayo^ 154 - 
Wesport, MayOf 155 - 

GALWAY.f 

Galway 1st, Galumtf, 131 
Ditto, 2nd, - - - 
Loughrea, Galtoay, 109 

KiLKENNY.J 

Carlow, Carlow, 49 - 
Kilkenny, Kilkenny, 73 
Leighlin Bridge, Car, 57 
Mountmellick, Que€n*s 
County, 53 - - - 

LlMERICK.§ 

Kilrush, Clare, 177 - - 
Limerick, Limerick, 120 

LiSBURN.II 

Belfast 1st, Antrim, 102 
Ditto 2nd, - - - 
Carrickfergus,^n/rtm 110 
Comber, Down, - - 
Downpatrick, Down, 94 
Hillsborough, Down, 88 

Londonderry.^ 
Burt, Donegal, 152 - 
Londonderry, Derry, 143 
Omagh, Tyrone, 111 
RameltoD, Donegal, 149 
Strabane, Tyrone, 130 - 



D. R. 

1 


Incl. 

367 
325 
321 


Excl. 

13 
8 

7 




From Residence. 


1 
2 

I 


4 
2 
2 




11 

9 


16 23 26 
11 


3 

1 
1 


2 
4 


13 
191 
559 



13 
21 


2 

18 


5 6 « 

18 18 20 


3 
5 


2 
1 
6 


234 
134 
451 


30 
13 
17 


12 
4 
3 


5 10 
13 28 36 




6 


293 


51 


7 


7 8 12 


2 
3 


2 
3 


348 
294 


19 
31 


27 
5 


26 
10 15 


6 
3 
1 

2 
3 
1 


3 
4 

4 
5 
6 


38 
14 
42r- 
421 
353 
5G3 


25 
19 
18 
10 

12 
20 


2 
11 
4 
2 
4 


2 2 
11 12 
8 

2 9 9 9 
4 13 


2 
5 

1 

1 


4 
1 
4 
5 
5 


573 
7Ji 
448 
599 
537 


6 
24 
12 
13 
15 


3 

10 
5 
4 


7 16 30 27 

10 18 
9 20 46 

8 9 15 



• Forfordj (Castlehar.) — Clare, Bellendine, Dromore, Tuam, Headfort, 
Shrule, Ballinrobe, Ballina, Easkej% Ivillala, Ballycastle, Bingham's Town, 
Crossmolina, Foxford, Swinlovd, keltinjjhaui^h, Balla, Westport, Newport, 
and Castlebar. S. 350/. ; C. 140;. ; 26,1661. '6t. lid. M. 312 or 136. 

f Galtoay. — Ballinasloc, Loughrea, Gort, Oranmore, Clifden and Oalway. 
S. aSOi. ; C. 140/. : 42,8b9/. If. \iid. ; M. ^6%. 

t ifi7i5ren«y.— Leighlinbridge, TuUow, Carlow, Castlecomer, Monnt Mel- 
lick, Maryborough, Mountrath, Durrow, Callan, and Kilkenny. S. 350/. : 
C. 140/. ; 1). 72,266/. 8*. lO^rf. M. IC6. 

\ Limerick.— Banis, Kilrush, and Limerick. S. 450/. ; C. 140/. ; D. 71,507/. 
15«. Hd. : M. 190. 

tl Lisimm, (Bd'/ff»0'— Kl^l^'boro'.Bunbridge, Lisburn, Lame, Carrickfer- 
BUS, Castlewellan, Downpatrii-k, Comber collected at Saintofield and New- 
town Aides ; and Belfast. S. 45U/. ; C. HO/. ; D. 181.175/. 4«. ; M. 170. 

^ Londonderry— Stttibane, Omagh, Newtown-Stewart, Gortin, Castleder^, 
Siranorlar, Raphoe, Lestterkcnny, Kamelton, Newtown Cmmingham, 
Boneyfobk), Cam, Bunerana, and Londondeny. 8. 400/.; Q. 140L : D. 
73,112/. 14f. Hid. ; M. 214. 
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27d 



Mallow.* 

Fermoy, Cork, 136 - - 

Mallow, Corky 150- - - 

Middleton, Cork, 155 - 

MARYBOROUGH.f 

Birr, King's County, 61 
KiJbeggan, Westm, 5Q 
Roscrea, Tipperary, 75 
Tullamore, King's C. 59 

Naas.J 
Bray, Wicklow, 12 - - 
Leixlip, Kildare, 10 - - 
Monasterevan, Kildare 38 
Rathfarnham, Dublin, 4 

Sligo.§ 
Ballyshannon, Don, 129 
Enniskillen, Perm, 101 
Sligo, SligOi 132 - - 

Tralee. II 
Newcastle, ZmcricAr, 145 
Tralee, Kerry, 184 - - 

Waterford.^ 
Dungarvon, Water/. 118 
New B.OSS, Wexford, 86 
Waterford, ^Fa^e;/ 95 - 

Wexford.** 
Carnew, Wicklow, 56 - 
Enniscorthy. Wexf. 76 - 
Wexford, Wexf, 92 - - 



D. R. 


Incl. 


Excl. 


From Residence. 


1 
3 


3 
4 
2 


327 
445 
218 


23,1 1 12 20 
2114 16 22 
23 2 16 


4 
1 
2 
2 


1 
4 
3 
2 


144 
375 
282 
185 


13 9 
nil 15 19 
54| 2 7 13 16 
10 14 


1 
2 

1 
4 


3 
4 
4 

1 


272 
632 
455 
133 


34 10 10 20 
19 9 9 18 2d 
29i 2 15 27 
22,13 6 8 14 


1 
2 

1 


4 
3 
3 


355 
473 
399 


10 15 29 33 
12 11 12 
6 5 15 


1 


4 

4 


541 
609 


6 
15 


8 28 36 
15 23 33 


1 
2 
4 


3 
6 
2 


324 
515 
239 


5 
44 
29 


16 16 22 
13 14 16 20 


3 
6 


6 
3 
2 


585 
377 
156 


22 
14 
24 


10 10 12 20 23 

12 16 

7 



• Mallow, {Fermoy). — Kanturk, Charleville, Mallow, Mitchelstown, 
Clogheen, Kilmallock, Youghall, Middleton, Rathcormac, and Fermoy. 
S.350/.; C. 140/. ;D. 87,860/. 5». 6d. ; M. 195. 

+ Maryborough, {Birr). — Mullingar, Kilbeggan, Tullamore, Templemore, 
Roscrea, and Birr. S. 350/. ; C. 148/. ; D. 70,747/. 5«. b\d. ; M. 72. 

t Naas, (Peter Place, near Dublin). — Leixlip, collected at Maynooth, Kil- 
cullen, and Naas ; Rathfarnham, collected at Peter Place ; Atny, Monas- 
terevan, Edenderry, Bray, and Wicklow. S. 400/. ; C. 140/. ; D. 51,476/. 18#. 
M. 228. 

} Sf/iVo.— Ballyshannon, Donegal, Pettigo, Kish, Lowthertown, Ennis-> 
killen, Mannorhaniilton, Fintona, Coolancy, Ballvmote, Coloony, Drum- 
kerin, Dromahaire, and Sligo. S. 400/. ; C. 110/. ; D. 44,644/. 8*. 7fd. 
M. 172. 

11 Tralee. — Listowell, Rathkeal, Newcastle, Killarney, Limerick, Dingle, 
and Tralee. S. 350/. ; C. 140/. ; D. 11,411/. 7*. l^d. ; M. 253. 

IT Waterford. — Dungarvan, Lismore, Thoraastown, Graigue, New Ross, 
and Waterford. 8. 400/. ; C. 140/. : D. 66,032/. 16*. Z%d. M. 149 

•• Wexford. — Enniscorthy, Newtown-barry, Gorey, Arklow, and Wex- 
ford. S. 350/.; C. 140/. ; D. 78,037/. 0*. l|d. ; M. 106. 
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10. Of the London Establishment, 

The London collection or Establishment, which includes the 
district within the limits of the chief office, is placed on a different 
footing from the country collections, in consequence of this 
contiguity, and also of the magnitude of its operations. It comprises 
the cities of London and Westminster; the borough of Southwark 
and its suburbs; the Parishes within the bills of mortality; together 
with St. Marylebone, and St. Pancras. One of the class of officers, 
called Surveying General Examiners, is at the head of the London 
collection ; the duties of Collector being performed by seven General 
Surveyors^ each of whom has the superintendence of a certain 
portion of the Metropolis, called a general survey ; which is again 
subdivided into S3 districts, each of which is under the manage- 
ment of a Surveyor ; and each district is subdivided into divisions, 
which are in chau'ge of Principcd Officers^ or Surveying Officers as 
the case may be. 

The salaries of the officers forming the surveying branch of the 
Town Establishment are as follows :— General Surveyor, £250 ; 
Surveyor £150; Examiner, £115, with an addition of 2s. per 
diem when acting for a surveyor ; Principal Officer, £115; Offi- 
cer, £100. In other respects, the salaries and course of promotion 
are nearly the same as in the Country Surveying Department.* 

* The following appointments with some exceptions, may he considered 
as forming part of tlie Loudun Establishment, although not included in 
the Surveying Department. The salaries, &c., are extracted chiefly from 
the Twentieth Report on the Exciss Enquiry ; but it is understood that 
several alterations have been mado since tne date of that Report, and 
that others are in contemplation. 

Appointments by Patent. 

Commissioners, (see p. 248.) Deputy Comptroller General (£600.) 

Appointmetits by the Treasury. 

Solicitor, (£2,500) ; As-sistant Solicitor, (£1,000); Solicitor in Scotland* 
(£1,500); Solicitor in Ireland, (1,500); Four Commissioners of Appeal* 
(£165 each) ; Register, (£97 10s.) ; CompiroUer of Cash, (£600 10s.). 
Auditor, (£800). 

Appointments by the Board at the Nvmination of the Treasury. 

Secretary, (£1,500) ; Under Secretary (£850) ; Assistant Secretary (£550) ; 
Receiver General, (£1,500; ; Clerk of the Securities, (£600). 

Appointtnenis by tJte Board at the Nomination of the Treasury, or by the 

Commissioners. 

Secretary's Department— \%i^T9Xic\i, 5 Clerks, (£250 to £400) ; 2d Branch, 
11 Clerks,{£100 to £250) ; Solicitor's Department— 10 Clerks, (£9C to £400); 
Messenger, (£60) ; Solicitor's Department in Scotland— i Clerks, (£100 to 
£»50) ; Solicilor*s Department in Ireland— b Clerks (£100 to £350) ; Receiver- 
General's Department— 7 Clerks (£90 to £500) ; 3 Receivers, (£160 to £280) ; 
Billman (£70) ; Accountant's Dejjartment— 1st General Accountant (£600); 
6 General Accountants, (£310 to £500); 42 Accountants. (£80 to £250); 
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11. Of the Order of Promotion, 

The Board of Excise reco^izes as one of its most important re- 
sponsibilities the duty of keeping the service in a state of efficiency^ 
To attain this object, a systematic examination is made of the per- 
formances and proceedings of each established officer before he can 
be advanced in rank ; and the duties of the various classes of officers 
are allotted to each in such a manner, as to render those officers a 
constant check upon each other. The collector is a check upon 
the supervisor, the supervisor upon the officer; and the vigilance 
and uncertain visits of the Surveying General Examiners, (which 
are not permanent, but directed, without any previous intimation, on 
a given point,) are intended to hold a perpetual check over the whole 
of the surveying department : and to render the system still more 
perfect, an officer is not promoted unless (having served the time 
required in one grade,) he petitions for advancement to another ; 
but having petitioned, his performances are subjected to a rigid 
examination, in order to ascertain what his conduct has been in the 
discharge of his duty. This is technically termed examining or 
** taking out his character," which is laid in detail before the 
Board for approval or otherwise, as the same shall appear to de- 
serve. 

The diaries of the Supervisors shewing their daily performanceF, 
and the neglects and irregularites they discover on the examination 
of the officers* books, with the Collectors* observations thereon, a« 
before stated, are transmitted by the collectors every round ; and 
after being registered in the diary office, are laid before the 
Commissioners ; who, order such censures upon any officers' com- 

jteeountant'i Departmertt^ 5!tro<fa«d— General Accountant (£450); 10 Ac- 
eottntants, (£80 to £260) ; AccounlanCs Department^ Ireland— GenertA Ac- 
eonntbiit (£450); 12 Accountants, (£80 to £2r)0); Scuriti/ Department— 1 
Assistants. (£90 to £300 j ; Store DpfaWwien/— Store-Keeper, (£300) ; 5 
Cterfcs, (£80 to £180); 4 Porters, (£70 to £80); Warehome-Keeper's Di?- 
par<fii«R/— Warehouse-Keeper,' (£136 10s.) ; 2 Assistants (£78 to £80) ; 
Momekeeper'i 2)<?par<»itfn/— Housekeeper, (£200) ; Porter, (£50) Yard- 
lieeper, (£50); 9 Watchman, (£50 each ; 8 Fire-lighters, (£60 each); 
Bseport Department— Surveyor, [(£291 10s ) : 2 Assistant Export Sur- 
veyors, (£151 5s. each); Port Estahlishment—Vort Surveyor, r£2:31 58. Od,); 
Various Import Officers and Export Officers, (£90 to 100); Mitcellaneow 
X>«paWmen<«;— Registrar, (£200); Rejfistrar's Clerk, (£110) ; Inspector 
of Printing, (£90); 3 Doorkeepers, (£100 each) ; Messengers, (£78 10s. 
each); Book-Sorter and Assistant (£80 each); Various Permit Writers, 
Warehouse-keepers, Preventive Officers and Revenue Police. 

The first appointments in the foregoing respective departments, are 
usually to the junior situations ; the promotions being regulated by the 
Board. 

The Comptroller General and Auditor, have had the appointment of 
their own Clerks. 
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plained against as their conduct appears to require ; and such censures 
are recorded in the Diary Office, to which reference is made when an 
officer petitions for promotion, before his petition is recorded. An 
officer's booksare examined for one quarter of a year only, but a super- 
visor's performances are examined for a year, and the books of all the 
officers under him for a quarter of a year. The examination 
consists in seeing that the parties have kept their books and 
entered their accounts therein, in the prescribed form, and sur- 
veyed the traders under their care with diligence and circum- 
spection ; and that the gauges and accounts are correctly cast and 
made up ; and if any errors, or omissions of moment are discovered 
therein, the Supervisor is responsible as well as the officers. This 
examination is made by the Examiners who record every complaint 
they discover, ; and when the examination of any set of books 
is completed, the investigation is taken up by a Surveying General 
Examiner, who carefully compares and examines the truth and cor- 
rectness of every complaint, and makes out the candidate's 
character for laying before the Board, to whom it is read by one of 
the Secretaries ; and the decision is said to be made without th« 
name of the party being known to the Commissioners.* 



• By a General Order made since the foregoing pages were in the press 
(April 30, 1840.) every person seeking promotion iu the surveying branch 
of the Excise, is required to possess a knowledge of Buok-koeping by 
double entry. Shoxild any particular system be adopted, the officers will 
doubtless be furnished with precedents. In the meantime, the following 
brief statement may be found useful. 

Book-Krrfing is the method of keeping Commercial accounts in snch 
a manner, that a person may thereby know at any time, the true state of 
Lis affairs with clearness aiid expedition. 

Book-keeping by Singlr Entry requires two principal kinds of books; 
a Day Book and Lodger. The Day Book be[;ins with a list of debts due 
to and from the owner ; then every transaction by which new debts are 
contracted, or former debts discharged, is entered as it occurs ; with the 
quantities," price!! of goods bou<;ht or sold, or other circumstances neces- 
sary for explaining the trnnsai tion. These transactions are subsequently 
posted into the Ledger, which contains an account for every person with 
whom there are dealings on credit ; the articles for which he is account- 
able to the owner, and those for which the owner is accountal>le to him, 
being placed in opposite pages of the same folio ; tlie Dr. articles on the 
left hand pages, and the Cr articles on the right hand pages. 

Book-keejoing by Doiblk Entry requires three principal Books, vi«., 
the Waste Book, the Journal, and the Ledger. In the Waste Bookt the 
Merchant's dealing** «re recorded without any particular order, beginning 
with a list of debts and property, and carried on with a full relation of 
each transaction, similar to the entries in the Day Book bv single entir. 
In the Journal the ct/ntents of the Waste Book are separatect every monto, 
and entered on the Debtor and Creditor sides— all money and' articles 
nH*eived, and all those who receive money or goods, being made debtors 
to cash or to the goods. In the Ledger, the posts entered in the Journal 
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In the examination of a Supervisor's character the number and 
kind of traders he has surveyed, daily, in each of the stations in his 
district are abstracted from the survey books, and compared with 
the number and kind he has accounted for in his diary, and also 
the number and kind of chaises and gauges he has taken and 
accounted for therein : and it is likewise noticed whether his time 
on survey has been judiciously employed ; — ^whether he has been 
too long employed on any duty which ought to have occupied a 
shorter period ; — whether he has paid due attention to the more 

• 

important traders and duties under his care, without neglecting any 
of the rest ; — ^whether he has on any occasion spent more time than 
was necessary in the performance of his in>door work, or performed 
he same at improper times ; — ^whether he has neglected visiting 
remote officers and traders by surveying more frequently those 
situate in and near to his residence ; — ^and whether he has slept more 
frequently in his residence than he ought to have done consistently 
with his duty as a check officer. 

By a recent General Order, a Supervisor is not eligible for pro- 
motion, unless he shall have surveyed for ^ year, in a business 
wherein a DistiUery is situate. 

All persons in the Excise are strictly prohibited from applying to 
any Members of Parliament or private Gentlemen to procure pro- 
motion for them ; and are only allowed to apply for it by their own 
letter to the Board, or to an individual Commissioner. 

12. Of the Privileges of Excise Officers. 

Excise. Officers are exempted from taking parish apprentices, 
4 & 5 W. 4. c. $1, s. 3, and from serving in the militia, or on any 
j ury, or in any corporate or parochial or public office, 7 & 8 G. 4, 
c. 53, 8. 11 ; but th'ese privileges do not extend (as has been erto* 
neously supposei),) to an exemption from paying highway rates. 

Ko action can be brought against an officer for any act doi^e in 
the j)erfQrmance of his duty without a month's previous notice in 
writing, 7 & 8 G. 4, c. 53»s. 114. 

^ _ ' ' — — — ^ 

are .plaeed tmder particular accounts, and from these, every year the 
balaaeote drawn. ' ^ , > 

It^ll thus be seen that by single entry, the posts of Debtor and.GM' 
ditor are separated from each other, and entered in such a way that each 
oii9k«Bpeais singliF } while in double entry Creditor and D^tor"are'in 
continual mutual connection ; to which- end all the posts ai« enterM 
doi^lr* once^uL ^e debtOA aadonee on the ereditoi .side; and thus every 
error or mistake is prevented.— ConMr<fa<tofu— lexicon. 

B B 
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13. Of StgierantnuOion Deductimu and AUowanees. 

Under the Superannuation Act, 4 and 5 W. 4, c. 24, »• 27, 
abatement is made from the salaries of all persons who have 
office in the Excise since 4th of August, 1829, as follows : — ^F 
salaries and emoluments not exceeding the annual sum of £1 
an abatement after the rate of £2 lOs. per cent. ; and £rom 
and emoluments exceeding £100, £5 per cent. 

The conditions on which the superannuation allowances 
granted, are as follows :— No superannuation allowance is graal 
to any officer or clerk under 65 years of age, unless upon certi 
from the heads of the department to which such officer or clerk h 
longs, and from two medical practitioners, that he is incapable, firoi 
infirmity of mind or body, to discharge the duties of his situation; 
nor unless he shall have dischaiged those duties with diligence and 
fidelity to the satisfaction of the head officer or officers of his de- 
partment ; which is to be certified by any two of such head officers, 
if there shall be more than one, or by such head officer, if there 
shall be but one ; s. 1 1. And the superannuation is not to be ■ 
granted on any advanced amount of salary received for less than 
three years, s. 12. 

The amount of superannuation is not to exceed the following 
proportion, with reference to the officer's salary, and period of ser- 
vice, respectively ; s. 9, 10.* 



1 



Iftheofficer entered the ser- 
vice before the 5th Aug. 1829. f 



Iftheofficer entered the ser- 
vice after the 5th Aug. 1829.1 



Years of Service. 



10^ 
15 I 

95 

SO 

35 

40 

45J 

50 



>4Ln( 



"15 
20 
25 
30 
dunder*^ Sb 
40 
45 
^50 
and Upwards. 



Proportion 

of 
Salary, &c. 



4 
Tl 

6 
Ti 

6 

T«- 

7 
1¥ 

• 
TT 

9 

TI 
TT 
TJ 



Years of Service. 



:n 



Proportion 

of 
Salary, &c.| 



|*>andunder<^* 

L45 

and upwards. 
And none to exceed' 
except under special eircumstan 
ces to be ordered by the treasury. 
4 and 5 Wil. 4« c. 84. s. 17. 



38 

45 



s 

TT 

» 

TT 

7 

? 

this amount 



/* In ordinanr cases, a deduction is made from the proportions stated of 
about one-tenRl of the respectire amounts. 
+ These allowances are Uie same as were granted by 3 O. 4^ c. 113, s. 1 



SCI 



AKTICr^^*^^ 



AUCTIONS . Estates, ftc 

Goods and Chattels 



\ 



teginn. 

Sheep's Wool - 5© on <? 

Foreign Produce (if n<^e»8/ 

BRICKS - - Common - - '^, i 

Large - - - > **« « 

PT ARQ Pluto ^ Materials or lie by, 

GLASS Plate J Ground and 1 ... .: 

Plint -I Fluxed Mate » 

'""•' ( Excess on di^nnutf 
Crown German, Sheetar 4 g^ 
Crown in RectangularPremis 

German Sheet or Bro/"^^ ' 

gular Panes - -oa ' * ' 

Common Bottles - ««nK*« 

HOPS - - - Cured and made fit toi^^^^^ 

MALT - - - Prom Barley - - e on q 
From Bear or Bigg 
Upon Beer exported .1^ 
Upon Ptoof ^pirits ^^^^ 
Malt only - 2 -i^ 
PAPER - - - Paper. Millboard, Pasr* '«** 

Paper used by Cloth 

Presses - - .' 
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CHAPTER 11. 
EXCISE DUTIES. 

Under this head it is proposed to insert an account of the preeent 
Excise Duties, Drawbacks and Allowances, arranged in alphabetical 
order, with descriptions of the principal trades under the surTey 
of the Excise Officers, and the regulations for charging the duties ; 
but in order to avoid repetition, it will be proper, in the first place, 
to advert to the origin and classification of the Excise duties ; and 
to insert some general regulations applicable to various kinds of 
trades, and which cannot be conveniently classed in the alphabe- 
tical arrangement. 

Part L Gembbal Regulations, &c. 

1. Of the Origin, ^. of the Excite Duties. 

Customs' duties are one of the most ancient modes of obtain 
ing a public revenue known but Excise duties were not levied in 
England before the year 1643,* when the long parliament proposed 
on the 16th of May, that an excise should be laid, as follows: "For 
each barrel of strong beer or ale, of 8s. the barrel, Is. ; for a hogs- 
head of cyder or perry, Is. ; to be paid by the first buyer. The same 
tax was laid on the housekeeper for beer, ale, cyder, or perry 
brewed or made for his own spending. All alehouse-keepers or 
inn-holders that brew and sell strong ale and beer of their own, 
each barrel, 2s. For all sorts of retailed wines, over and above the 
customs due for the same, to be paid by first retailers, a quart, 2d. 
On all sorts of wines bought here, besides customs, to be paid by 
the first buyer, for all he should use in his own house, for a quart. 
Id. The same to be paid by the merchant, for all the wine he shall 
use in his own house, besides the due customs. For a barrel of 68 
beer sold, to be spent, as well in private as in victualling houses 
to be paid by the common brewer, or those that brew or sell the 
same beer, fid. On all tobacco not of English plantation, the pound 
value, not weight, 48. For the English plantation, the same value, 
both over and above all other customs, 28." 

- - - - ■ _ij _ _ i_ ■ ■■ijjB nt^mm-a — 1— - - -- 

* CohhetVi Parliamentary History, vol. III. p. 114* The first attempt to in- 
troduce the Excise, was made in 1626 by a Commission under the Orea^ 
Seal, but Parliament having remonstrated against the measure the Com- 
misssion was cancelled ; and when the duty was imposed during the civil 
war it was continued only from month to month, and was collected wlt^, 
h e greatest dif^pvdt j.—Commitsioner$' Report, 
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The excise, although a deviation from the former system of tax- 
ation, and resorted to as a temporary mode of supplying the wants 
of the country, was found too productive a source of revenue to be 
again relinquished ; and when the nation had been accustomed to 
it a few years, the parliament declared in 1649, that " the impost 
of excise was the most easy and indifferent levy that could be laid 
upon the people." This declaration iU agrees with Sir William 
Bl&ckstone's statement, '* that from its first origin to the present 
time, the very name of the excise has been odious to the People of 
Bngland;" and also with Marvell's description, quoted by Dr. 
Johnson, '* that the excise is a hateful tax levied upon commodities, 
and adjudged not by the common judges of property." There is no 
doubt that the imposition of the excise duty was, in the first 
instance, unpopular, but after its first introduction it continued 
to gain ground until nearly one half of the national revenue was 
famished by it. 

The act which is usually considered a* the foundation ol the 
present excise laws is 12 Car. 2, c. 24, which granted from Christ- 
mas 1660, certain rates of excise upon beer, ale, cider, perry, me- 
theglin or mead, vinegar-beer, strong water, acqua viteB, beer and 
cyder, imported spirits made from wine or cyder imported, and 
strong water perfectly made and imported ; and it obliged all common 
brewers to make entries weekly, and other retailers of beer, ale, 
cyder, perry, metheglin, or strong waters, brewing, making, or re- 
tailing the same, to make entry, monthly, of all the beer, ale, cyder, 
perry, metheglin, strong waters, or other the liquors aforesaid, 
brewed or made in that week or month, and obliged them to pay 
and clear off the duty within the week or month after such entriea 
were made, or to pay double the value of the duty. But none of the 
said traders are obliged to go out of a market town, nor further 
than the next market town to the place where he lives, to make 
such entries. 

Various articles which have at different times been chargeable 
with excise duties, have subsequently been relieved from the bur- 
then, or transferred to other departments. In 1797, the following 
articles were subject to excise duty, viz '.•-^auctions, bricks, gkus, 
hept, licenceSf malt, paper, soap, spirits {british,) vinegar, starch, stone 
bottles, sweets and mead, tea, tiles, candles, coaches, cocoa nuts 
and coffee, cider and perry, hides and skins, pepper, printed goods, 
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sail, spirits (forei^,) tobacco and snuff, wine, wire. In 1833, th«> 
duty on the twelve last mentioned incidents had been either takeU' 
off or transferred to other departments ; and in 1835, there remained 
under the excise survey, only those articles which are printed iu^ 
italics.* Subsequently, the post horse duties have been transferred- 
to the excise from the board of stamps, and a new excise duty has> 
been imposed on beet root sugar. 

2. Cf the General Course of Survey for charging the duty. 

The trades subject to Excise survey, may be divided into six 
classes : 1st, Persons visited for the purpose of charging the " grow- 
ing duties," as maltsterSj soap-makers,, brick-makers, paper and 
pasteboard-makers, glass-makers, distillers, vinegar-makers, hop- 
planters, and post-masters who let horses for hire. 2nd, Persons 
whose licence is high or low according to the extent of their manu« 
facture, as brewers, tobacco-manufacturers, &c.. 3rd, Persons who 
are not only liable to Excise licence,, but are- also subject to a sur-*-- 
vey, for the purpose of preventing, the illegal mixture of duty-paid 
with unduty-paid articles, as rectifiers, tobacco-manufacturers, 
&c. 4th, Persons visited because subject to a licence for dealing 
in articles upon which the Excise duty has, or ought to have been, 
paid, as inn-keepers who are retailers of spirits. 5th, Persons visited 
in like manner because subject to a licence for dealing in articles 
upon which Custom's duty has, or ought to have been, paid, as 
dealers in tea,, coffee,, pepper,, tobacco, snuff, foreign wine, and 
spirits. And lastly, Persons from^ whom no duty for licence, or 
otherwise, is collected, as malt-roasters, acid-makers,. tallow-melters, . 
and two or three others, who are surveyed as a. check against their- 
making or receiving unduty-paid articles.f 

The duties, except those on licences, auctions, and post horses,, 
are charged by the officers, who visit the. several places throughout' 
every part of the united kingdom where the chargeable commodities • 
are manufactured or prepared. There are various regulations ap- 
plicable to each.particular commodity ; but the general system is < 
to obtain an account of the materials intended to be used in making 
the commodity chai^eable with duty, or the earliest possible ac- 
count of the commodity itself, after the process has commenced ; 
and to charge the duty in the stage in which the most certain and' 
satisfactory account of the quantity produced can be obtained. The* 

•Twentieth Report on the Excise Enquiry, 
-t* See Companion to the Almaaack fur 1836.. 

RB 2. 
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accounts taken before, and sometimes after, the charge has been 
ma^e, are intended to prevent the manufacturer from sending any 
part of his commodity into consumption before the duty has been 
charged, and introducing fresh materials in the place of the com- 
modities withdrawn. In some cases the officer is authorised to 
make a presumptive charge upon the trader for a quantity equal to 
the estimated produce of materials which he may miss from the 
manufacturer's stock ; from which charge the trader may relieve 
himself by a warrant from two magistrates on proof that such 
materials were not manufactured into the particular commodity for 
which the duty is chargeable. 

All manufacturers of, and most dealers in, or retailers of any ex- 
ciseable commodity, are required to make entry of their premises 
and utensils, and to mark the same, so that the officers appointed 
to survey them may know each of them with certainty. To these pre- 
mises and utensils the officers are to be allowed access ; and penalties 
are incurred for any interruption in such surveys, and for carrying on 
business in any other than in the entered premises and utensils. In 
most cases, also, the manufacturer is required to give notice to the 
officer before he commences an operation ; and the officer is en- 
joined to attend at the premises when the most useful accounts can 
be taken, and on every visit to go through the entered premises, 
and to record, in his survey book, the state of the materials in the 
process of manufacture, and the quantity in certain cases where it 
can be ascertained and may be useful in checking the quantity af- 
terwards produced for charge. From these surveys and entries the 
charge of duty is ultimately made upon the trader, with whom an 
account of such duty is left before the time for payment thereof; 
which, in the usual course of business, is at the collector's round or 
sittings for the district in which the premises are situate. In many 
cases, a paper is required to be kept on the traders' premises, called 
a S^eeimen, in which the officer is required to make entries, corres- 
ponding in substance, with the entries in his survey book ; andj in 
•ther cases, a minute paper is required to be signed on every survey 
to show that the officer has given due attendance. 7 & 8 G. 4, c.53. 
The several charges upon each trader having been recorded in the 
officer's books as they are made, the whole are added up, and re- 
lurns thereof are made for each officer's station in London, at pe- 
riods fixed by law, with regard to the description of goods charged. 
Out af London, like returns are made eight times in the year^ 
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yiz : at the close of each quarter, (i. e.) 5th April, 5th July, 10th 
October, and 5th January ; and also at about the middle of each 
of these quarters on days fixed upon by the Board. When all the 
charges have been made up, the officer transcribes the total amount 
of each person's charge from the book into an account called a 
VouchuT^ one of which is made out for each separate duty, viz : 
MeHty Boap^ and Bricks, &c. The charges on the several traders 
contained in each such voucher are then added up, and the total is 
the amount of that particular head of duty arising within the station. 
The dnty, so arising, is computed and set out in the vouchers ; 
from which the officer prepares an account called an abstract, con- 
taining the total amount of the commodities charged on every 
trader in his division oj ride, and of the duty thereon. These 
accounts are compared with the books and examined by the 
supervisor, who forwards the abstract to the collector to apprize 
him of the sums with which he will be charged by the accomptants 
at the chief office, and the names of the persons from whom he 
is to receive the same. The supervisor next transmits the vouchers 
to the chief office, quite irrespectively of the collector, and such 
vouchers are the foundation of the charges there raised against him. 
Every collector in the United Kingdom commences the collection 
of the duties (technically called his " round") on the same day 
which is fixed by the Board ; and is always on the Monday, about 
nine days or more after the officers have made up their books for 
each round ; and at the different places where he holds his sittings, 



* At the foot of each voucher the officer is required to insert the total 
amount oi goods and money, in words at length, as shewn in the follow- 
ing 

Specimen of a Malt Fbucher. 

Malt. 

York Collection, Snaith District, Selby Division— 1st Round, 1841, 
Voucher from Jan. dth to Feb. 20th, 1841. 





Net Bushels at 2s. 8id. 4 




John Jennings 
Thomas Mobson 


435 

495 


Duty. 


Total. 


930 


£126 6s. 6d. 



The amonnt of this voucher is nine hundred and thirty net bushels of 
malt; cash one hundred and twenty-six pounds six tniUinffs and six 
Stnce* A. S, Officer. 
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the sums, paid (o him by the respective traders, are dischaiged in> 
the ledger by the collector's clerk ; and those charged, and for which 
the credit allowed by law has not expired are set forward, in arrear, 
to be paid as they become due. A distinction is made between 
those arrears and the sums which have actually become payable 
and are not paid at the proper time. When the business of col- 
lecting is over for the day, each officer is required to make out an 
account in his own book of the different sums, arising within his 
business, which the collector has received that day, and another 
account showing, under each head of duty, the amount of arrears 
outstanding against each trader ; all which are brought to a totaL 
respectively ; and, having been compared and examined, the former, 
is signed by the officer and the latter.by the collector and supervisor. 
The total of the sum thus received by the collector, in each, 
such station, is required to be entered by the officer in his <ncn 
^figures, in a sheet called the collector's " Petty Account,'* and 
signed by both officer and supervisor ; and each officer also enters 
in the respective arrear lists, for each duty, the amount of arrears 
outstanding in his busines.s ; which lists, after they have been exa- 
mined and signed by the supervisor, are sent by him to the proper 
accountant at the chief office. 

The collector's remittances to the board, orpayment to the respec- 
tive Returners of the revenue-cash, are made as soon as possible after 
the money has been received ; and he is not allowed to retain any 
balances in his hand at the end of any w eek if it can be avoided, unless 
under the authority of the board, which is granted to meet only special 
advances of cash or payments likely to be soon demanded. The 
collector has also to send up one of the petty, accounts at the close 
of each week, in order that it may be seen what sums have been 
received by him in that week, and the manner in which the money 
has been applied (i. e.) whether by remittances, re-payment of 
duty, allowances, or drawbacks, &c., or in charges of management ; 
for all of which he has to transmit the proper vouchers; and if any 
material balance remains in his hands at the end of the week, an 
explanation is required to accompany the account, and, the date of 
the board's authority, if any. 

The vouchers for duties arising in London, are, with the excep- 
tion of the periods at which they close, made up in the same nian- 
ner-, and the chaises on the respective traders are posted into ledgers- 
by the proper accomptants, and discharged by them as the duties 
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are paid by the trader to the Receiver General ; who, after repay- 
ing duties legally authorised to be drawn-back, and charges of 
management allowed by the board, pays the balance of the receipts, 
and the sums remitted by the collectors from the country, into the 
Bank of England, for being paid into the Exchequer. 

Such is the general course of charging and collecting the Excise 
duties ; but there are various modifications of the practice applicable 
to different trades, which are briefly stated in the ensuing sections. 

3. Of the Entry of Places and Uletuih, 

Entries of places and utensils for carrying on Excise trades are 
to be delivered to the officer in whose survey the places and utensils 
are, whether the act relating to the particular business requires such 
entries to be given at the next office of excise, or to the officer. And 
the officer having received any such entry, is to copy the same into 
the book kept and known by the name of the "General Entry Book,*' 
for the division or ride in which the places or utensils are ntuate ; 
and the Supervisor is to examine and compare the copy so made 
with the original entry ; and when an officer is removed, he is to de- 
liver over to his successor such book and all such original entries. 
4 & 5 W. 4, c. 51 s. 5. 

Every person using any place or utensil without a proper entry 
is liable to a penalty of 200/.: s. 6 ; and every person using any place 
or utensil, for any other puipose than that for which it is entered, 
is liable to a penalty of 100/.: s. 7. Not more than one entry is to 
be in force at the same time for the same place, s. 8, but if a 
trader absconds or quits without withdrawing his entry, the board 
may consent to another entry being made, s. 9. 

Places and utensils mentioned in any entry are to be distinguished 
therein by particular letters or numbers, and the same letters or 
numbers are to be marked on the places or utensils, to the satisfac- 
tion of the Supervisor: and fixed pipes are to be painted with 
particular colours ; otherwise the parties will forfeit 100/. ; 7 and 8 
Geo. 4, c. 53, s. 21. 

The entry book of the division or ride in which the premises are 
situate is to be a sufficient proof of the entry or non-entry of any 
place or utensil, s. 1 9. No entry is legal unless it be made in the 
name of the real owner, he being at the time, at least, 21 years of 
age ; but the visible owner is to remain liable to duties and penal- 
ties, whether he shall be the entered trader or not, f. 20. 
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4. Of Licences, 

Most of tlie licences granted by the Excise are regulated by 6 
Geo» 4, c. 81, the 2nd section of which specifies the amount of 
duty payable thereon respectively ; and the 26th section imposes 
penalties varying from 50/. to 500/., for carrying on the trades 
referred to, without licence. 

Every licence is to specify the purpose, Irade, or business for 
which it is granted, the name and place of abode of the }>er8on 
taking it out, and the time of granting it ; and (except in the case of 
auctioneers) the place at which the trade or business is to be car- 
ried on, 8- 7. 

Licences taken out by brewers and distillers, and by publicans 
as retailers of beer, wine, spirits, or sweets, expire on the 10th o^ 
October, annually ; all others (except certain trades not within the 
act) expire on the 5th of July in each year, s. 16. 

If a licence be taken out by a beginner in any part of a year, 
less than three quarters, a proportionate part of the duty only is 
payable, s. 18. 

One licence is not sufficient for different sets of premises, except 
auctioneers or maltsters, s. 10 ; but in case of removal, &c> licenses 
may b& transferred to other premises, &c. s. 21. 

Licensed persons are required to put their names and busi- 
ness, and the word "Licensed" on their entered premises, s. 25, 
and to produce their licence for examination by any excise officer, 
on demand, under a penalty of 20/. s. 28. 

See the Duties under the different heads,. 

&. Of Permits* 

No permit is to be granted by any officer of excise until a re- 
(^est-note shall have been delivered by or on behalf of the 
the person requiring the same ; 2 W. 4, c. 16, s. 5 ; and such re- 
quest-note must contain the name of the place from which, and of 
the place to which, the commodities are to be removed, and by what 
mode of conveyance ; and the real name and place of abode of the 
person sending the commodities, and of the person to whom they are 
to be sent ; with such other particulars as the board may require : 
which]^request-note must be signed by the person requesting the 
permit, or by his known clerk or servant, s. 6. 

The permit is to limit the time for which it is to be in force ; and 
every permit not used, is to be returned to the officer within the 
time limited for sending out the goods, s. 8. 
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Penalty on traden sending out, or delivering, or receiving 
any goods requiring permit, without such permit, 200/. s. 10; and 
all goods removed without such permit to be forfeited, and the per- 
son removing them to forfeit 200/. s. 11. When a permit is not de- 
livered with goods requiring the same, the seller cannot recover the 
price : s. 12. Penalty on forging or counterfeiting a request note, or 
fraudulently procuring permits, or misapplying or mts-using the 
same, 500/. with forfeiture, s. 13. 

The other general regulations relating to permits are all con- 
tained in the same statute. 

6. Of Exporting Goodt on Drauhack, 

The person who has paid the duties on the commodities intended 
to be exported, or who has bouight or become lawfully entitled 
to the same, is required to give tioelte hours' notice to the proper 
officer, of the time and place when and where the goods are to be 
packed for exportation ; at which time and place the officer attends 
to see the goods put into the packages; each of which he secures by 
placing a tape over the parts where the package is made to open, 
and sealing the tape at the ends with a seal provided by the board ; 
25 Geo. 3, c. 74, s. 12, 13. The officer makes out a cert^ate bearing 
an impression of the seal with which the packages are sealed, 
and describing the marks, number, and contents of each, and whe- 
ther it be a cask, chest, box, &c. This certificate, after being 
examined by the surveyor, is transmitted to the officer whose duty 
it is to see the goods shipped at the port from which they are to 
be exported. 

The exporter is required to give six hours' previous notice of his 
intention to th^ the goods ; and before the shipment to give bond 
for the due exportation thereof. The notice, with a description of 
the packages and goods, is then handed over to the Searcher of the 
customs, whose duty it is to see them on board the ship, and if they 
agree, to certify the same and return the documents. 25 Gfeo. 3, 
C.74, s. 13, 14 ;— 56 Geo. 3, c. 104, s. 25 ;— 57 Geo. 3, c. 87, s. 10. 

The debenture for allowing the drawback is then made out, and^ 
within a limited time after the vessel has sailed from the port, ii 
delivered to the exporter, on his making proof, (if it has not been 
done before the shipment,) that the goods are the same which are 
described in the packing certificate, and that the duties thereon 
have been fully paid ; and upon the debenture being presented te 
the collector of the port, the drawback is paid. 25 Geo. 3^ c. 74, 
s. 131 ; and 2 Wil. 4, c. 4, s. 1. 
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The officers of excise and searchers of customs, are authorised to 
cpeii ahy of the packages for examination, and if the goods do not 
correspond, or are not of the yalue of the duty for home consump- 
tion they may seize the whole. In cases of disagreement, or of the 
goods heing found of less value than the duty, the exporter incurs a 
penalty. 57 Geo. 3, c. 87, s. 10; and goods fraudulently produced 
to obtain drawhack, are forfeited, with treble value, or £100 ; 4 & 5 
W. 4, c. 51, 8. 12. 

See alto the Acts referred to under the different heade of duty, trijfra, 
7. Cf Prosecutions for recovery cf duties aud penalties. 

All pxt>secntion8 for excise penalties are to be instituted by order 
of the Commissioners of Excise, and in the name of the Attorney 
General or of an Officer of Excise, except summary proceedings, 
for coDTiction upon an itnmediate arrest. 7 and 8 Greo. 4. c. 53* 
8. 61, 66. 

When an officer makes a detection or receives an information of 
of penidties incurred it is his duty to represent the same as 
soon afterwards as possible to his supervisor, or superior offi- 
cer : and when the Sup^visor receives such communication, or 
himielf makes any such detection or receives any such informa- 
tiim, it i8 bis duty, after investigating the circumstance, to report 
the same to the comtnissioners for their directions thereon. This 
report is required to be perspicious and candid, and to contain every 
particular which may enable the board to decide whether the case' 
is proper for prosecution.— Sse the Bodrd*s InstrucHoh for cotiduct' 
ing swnmary proceedings. 

Should proceedings be ordered in the Exchequer, the Solicitor 
of Excise snpfiriks the officer with all necessary instructions for 
serving the process and collecting the evidence ; and if the proceei)- 
ings be ihstituted in the country, they are carried on either by the 
Collector, or by -the Supervisor under his directions; but the Col- 
lector i^ enjoined td attend the hearing, before the magistrates, of all 
infbrtnutioiis aCtisibg in his collection, unless he is otherwise particu- 
larly engaged, whicb he nltist specify in under-writing the Supervi- 
sor's letter'to the board. The commissioners furnish the officers 
with 'printed fomiB of the necessary proceedings,' and full instruc- 
tidds for filling them up. 

la ci^ of t&e immecliatearrest of a person for being* foflh'd carry- 
ing on aR unentered excise manufaclbr^^ the nlag^st/ates tjfh autho- 
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rised to hear and determine the case, without the officer's waiting 
for an order from the board to prosecute ; and if the case be proved, 
the party arrested may be convicted in the penalty of 30i., and, in 
default of immediate payment, committed to prison for three months. 
7 and 8. Geo. 4, c. 53. s. 33. 

If Excise duty be in arrear after the proper time of payment, 
or be in danger of being lost before the usual time of payment ar- 
rives, the trader may be proceeded against before the magistrates 
for the penalty of double duty ; and 24 hours' notice of the hear- 
ing is sufficient; 4 and 5 W. 4, c. 51, s. II. In Scodand or Ire- 
land when duty is in danger, the collector has the power of issuing 
a warrant for enforcing payment ; 7 & 8 G. 4, c. 53, s. 27* 

When the duty in danger is of considerable amount, or not likely 
to be recovered by proceedings before the magistrates, an Extent 
out of the Court of Exchequer can be obtained for recovery 
thereof; for which purpose, in England, the Supervisor (generally 
under the Collector's directions,) proceeds to London to make the 
necessary proof of the debt and insolvency. 

Besides the ordinary remedies for recovering excise duties in 
arrear^ there is a special lien for such duties, on the excise utensils, 
goods and materials, whether remaining in the hands of the trader or 
not ; 7 and 8 Geo. 4, c. 53, s. 28. 

Penalties recovered under the Excise laws, (except those on 
bonds, see general order, Sept. 7, 1821,) are (after payment of ex- 
penees) to be divided between the crown and the informer; 7 and 8 
Geo. 4, c. 53, s. 103; and in special cases the board are authorised 
to pay the expences out of the revenue, s. 105, 106, 4 and 5 Wil. 
4, c. 51, 8. 14. And when a seizure is condemned and destroyed 
for being adulterated, a reward is payable to the officer ; s. 13. 

8. Of Complaints of Overcharge. 

The Commissioners of Excise within the limits of the chief office, 
or two Justices elsewhere, upon complaint of any overchaige or 
overpayment within twelve calendar months, or of any title to a re- 
turn of duty within the time limited by law, may hear and deter- 
mine such complaint, and, by warrant, order the payment or repay- 
ment of such duty as the party shall appear entitled to ; but in 
London, the complaint must be entered in a book kept in the office 
of the Solicitor of Excise, and in the Country, eight days' notice 
of the bearing must be given to the proper Collector or Supervisor. 
4 & 5 W. 4, c. 51, 8. 27. 

c c 



290 THE EXCISE officer's MANUAL. [bOOK U. 

FABT II. — ^Alphabetical a&bangembmt of Duties, &c. 

1. Duiiet. t 

£ *. d. 

Gjlbat BBITAIM.--43 G, 3, e. 69, 6<i.— 45 6. 8, e, 30, li. 
For every twenty ahillingsof the purchase money arising 
or payable by virtoe of any sale at auction in Great Bri- 
tain ; of any interest, in possession or reversion, in any 
freehold, customary, copyhold, or leasehold lands, tene- 
ments, houses, or hereditaments, and any share or 
shares in the capital or joint stock of any corporation 
or chartered company, and of any annuities or sums of 
money charged thereon, and of any ships and yessels, 
and of any reversionary interest in the public funds, 
and of any plate or jewels; and so in proportion for any 
greater or less sum of such purchase money • - 7 

43 G. 3, c. 69, 10(/.— 45 G. 3, e, 30, 2rf, For every 
twenty shillings of the purchase money arising or pay- 
able by virtue of any sale at auction in Great Britain, 
of furniture, fixtures, pictures, books^ horses and car- 
riages, and all other goods and chattels whatsoever, 
and so in proportion for any greater or less sum of 
such purchase money - - - - I 

Ie£LAND. — 54 G. 3, c. 82. For and upon every twenty 
shillings of the purchase money arising or payable by 
virtue of any sale at auction in Ireland; 

Of furpiture, fixtures, pictures, books, horses, and car- 
riages, and all other goods and chattels whatsoever, 
not herein otherwise charged, and not exempt by law 10 



* Auction Datv was first imposed in Ore&t Britain, by 17 O. 3, c. 50, but 
was not extendea to Ireland until 1797. The net receipts in 1839 (ex- 
elusive of licences) were as follow ; England, £263,567; Scotland, £81,014 ; 
Ireland, £13,824. 

f BXBXFTIOVS. 

See, at to SaJei held by Order <^PvibUe Boardi, ^., 19 0. 8, c. 56, a. 13 : 
41 6. 3, c. 26. 8. 3; 42 O. 3, c. 116. s. 113; 54 O. 3, c. 88 ; 55 G. 3. c 55 
8. 12 ; 10 O. 4 e. 50, B.tS.—BaiUbruptcy and Insolvency^ 19 0. 3, c. 56, s. 15 ; 
54 O. 3, c. 82 ; 54 O. 3, c. 137, s. 74 ; 6 O. 4, c. 16, s. 98 ; 7 O. 4, c. 57, s. 87; 
10 G 4, c. 55, 8. 15, 1& 2 Y. c. 110, s. 116— £j:ec«/t<m«, 19 G. 3, c.56, s.l5 ; 54 
G. 3, c. 8»—Dutre$tesJbrSent, 19 Q. 3. c. 56, s. 13 ; 54 G. 8, c. 9i—jfgricuUural 
produce, 19 0. 3, c. 56, s. 14 ; 54 G. 3, c. S2,^M<mt{faciurei, 29 O. 3, c. 63, 
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Of any interest, in possession or reversion, in any £ s. d. 
freehold or leasehold lands, tenements, houses, or here- 
ditaments, and of any annuities, debts, or sums of mo- 
ney chargeable thereon, or otherwise, and of any 
utensils of husbandry and of farming stock, and of 
ships and vessels, and of any article of gold or silver, 
and jewels, except in cases where the same are other- 
wise charged or exempted by law - - - 6 

United Kingdom. — 65 G. 3, c, 142. For every twenty 
shillings of the purchase money arising or payable by 
virtue of any sales at auction in Great Britain, for the 
benefit of the growers or first purchasers respectively, 
of any sheep's wool, the growth or produce of any part 
of the United Kmgdom - - - 2 

By treasury warrant dated 10th September, 1816. On 
the auction sale price of all imported goods, except 
Irish goods imported from Ireland, on the first sale 
thereof when made by or on account of the first 
importer — ^per cent - - - - -0100 

LicBNCBS. — 6 G.4,c.81, 8,2. For and upon every Excise 
licence to be taken out by every person exercising or 
carrying on the trade or business of air Auctioneer, or 
selling any goods or chattels, lands, tenements, or 
hereditaments by Auction, within ChrecU Britain or Ire- 
land, the annual sum of - - --500 

Additional.— 3 & 4 F. «?. 17, #. 1, From May 15, 1840, 
upon the produce and amount of all the foregoing du- 
ties, an additional duty of - - £5 per cent. 

2. Regulations for securing the Duty. 

Every Auctioneer is required to enter into a bond, with two sure- 
ties, for duly accounting for and paying the duties within tujenty- 
eight days after every sale, if held within the limits of the chief 

s. 1 ; 54 O. 3, e. 82. — Damaged^ Condemned^ aiid Wrecked property, 19 G. 3, 
c. 56, 8. 15, 17 ; 54 G. 3, c.&i; 1 and 2 G. 4, c. 75, s. 38 ; 1 and 2 G. 4, c. 
67, «. 20.— jFbr«g« frroperty,l9 G. 3, c. 56, s. 15 ; 28 G. 3, c. 37, s. 12; 30 G. 
3, c. 36, & 29; 32 G. 3,c. 41 ; 41 G. 3, c. 42; 41 G. 3, c. 91, s. 8 ; 42 G. 
3, c. 93, s. 3; 47 G. 3, s. 2 c. 65; 52 G. 3, c. 53, s. 1; 54 G. 3 c. 82 ; 57 G. 3, 
c. 36 ; 59 G. 3, c. 54, 8. 3; 1 G. 4, c. 9. s. 3; 5 G. 4, c. 75, s. 2; 1 and 2 
W. 4, c. 52, 8. 8— Treasury Warrant, 2l8t Oct. 1815 ; 19th Feb. 1820 ; 10th 
March, 1820 ; 21st Sept. 1821 ; 26th Oct. 1825 ; 6th Jan. 1829 ; 18th March. 
1833 ; 18th July 1834 ; 18th June, 1840,— i'V^^n Ministers, Board's Order, 
May 2, 1822.— Pro/>CT-<y bougfit in by tfie Owner, 19 O. 3, c. 56, s. 12 ; 28 G. 3, 
c. 37, s. 20 ; 42 G. 3, c. 93, s. 1, 2 ; 54 G. 3, c. 82, s. 22. 
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Office of Excise, London, and within tix weeks elsewhere. 19 6. 3, 
c. 56, s. 7 and 8; 42 O. 3, c. 93, s. 14 and 15; 43 G. 3, c. 130, 
s. 1. If the Auctioneer sells within the limits of the chief office of 
Excise he is to give notice thereat two daysj at least, before he 
begins to hold any sale, and then, or within twenty-fow hours after^ 
wards, to deliver a catalogue of all the articles intended to be sold ; 
and if he intends selling elsewhere, he is to give notice to the 
Collector, or at the Excise Office, nearest the place of sale, three 
days before the sale, and deliver a catal(^e, then, or within ttcenty- 
four hours afterwards, under a penalty of £20. 19 G. 3, c. 56, s. 9. 
But Auctioneers may sell the hull and materials of any vessel, 
im-ecked, or tiranded on the coast in England on 24 hours notice, 
where peculiar circumstances require it, the Board being specially 
informed thereof.— Board'/ Order, 6th October, 1837. 

The Auctioneer, or his Clerk, is within twenty^ht days after 
any such sale, if within the limits, and within six weeks, if elsewhere, 
to deliver a declaration to the proper officer, setting forth whether 
or not a sale was opened under the notice giveli, or any article, lot 
or parcel enumerated in the catalogue bid for, or sold. 32 G. 3, c. 1 1. 

Any Auctioneer holding a sale in the country is allowed to 
settle for it at the chief office, or in any other collection, on 
giving notice of his intention to do so. But in such case, he is required 
to deliver his return in duplicate. 19 G. 3, c. 56, s. 19. And 
where goods are sold under any execution, or for the benefit of 
insurers, the sheriff or insurers are to certify truly as to the parti- 
cular goods sold, 19 G. 3, c. 56, s. 16, 17. 

The duties are to be paid within the time limited, under a penalty 
of double duty, 38 G. 3, c. 54, s. 2 ; 4 & 5 W. 4, c. 51. 

If any sale be rendered void for want of title, three Commissioners 
of Excise, or ttoo Justices of the Peace, may within twelve calen- 
dar mouths next after the sale, grant relief. 19 G. 3, c. 56, 
s. 11 ; 28 G. 3, c. 37, s. 19 ; 51 G. 3, c. 95, s. 1, 38 G. 3, c. 54, s. 
3 ; and 4 & . 5 W. 4, c. 51, s. 27. And if property has been bought 
in by the Owner, or by an under*bidder appointed under regular 
notice, the duty is not enforced. 19 G. 3, c. 56, s. 12 ; 28 G. 3, 
c. 37, s. 20; 42 G. 3, c. 93, s. 1, 2. 

As to Auctions in Ireland, see 54 G. 3, c. 82, and 58 G. 3, 
c. 79.* 

* The statutes are set out at length in the '* Law of Auctions" (Max- 
well, 1838,) which also contains various forms, tables, and practical direc- 
tions. 
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1. Dutia, • 

£ a. d. 

6 Geo, 4, e, 81, t. 2. Every brewer of table beerf only 
fcv sale, if the quj^ntity of beer brewed by such brewer 
within the year ending the lOth day of October 
previous to taking out such licence, shall not exceed 
20 barrels, the annual sum of - - - - 10 

If the same shall exceed 20 barrels, and shall not ex- 
ceed 50 barrels . - ^ - - - -10 

If the same shall exceed 50, and shall not exceed 100 
barrels 1 10 

Or if the same shall exceed 100 barrels - - -200 

Every brewer of beer f other than table beer only) for 
sale, if the quantity of beer brewed by such brewer 
within the year ending the lOth day of October, 
previous to taking out such licence, shall not exceed 
20 barrels 10 

If the same shall exceed 20, and shall not exceed 50 

barrels 10 

If the same shall exceed 50, and shall not exceed 1 00 

barrels 1 10 

If the same shall exceed 100, and shall not exceed 1000 

barrels 2 

If the same shall exceed 1000, and shall not exceed 2000 

barrels 3 

If the same shall exceed 2000, and shall not exceed 5000 

barrels - - 7 10 

If the same shall exceed 5000, and shall not exceed 7500 

barrels 11 5 

If the same shall exceed 7500 and shall not exceed 10,000 

barrels - - - - - - - -15 00 

* Beer was one of the first articles on which an Excise dutv was im- 
posed, see p.280, but the duty (except on licences) was taken off by 1 W. 4, 
c. 51. 

t In consequence of the repeal of the duty on beer, there is now no 
distinction between table beer brewers and other brewers ; and bv 1 W. 
4, c. 51, the rate of the brewer's licence is to be calculated according to 
the quantity of malt he may consume in his brewery, viz. one barreifor 
every two bushels of malt, and not according to the number of barrels of 
beer he brews. 

By Treasurv order, November 9, 1830, no objection is to be made to 
the sale of table beer only by retail unthout licence provided it be not sold 
at a higher price than l^d. per quart. 

cc 2 
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£ s. d 

If the same shall exceed 10,000, and shall not exceed 
20,000 barrels - 30 

If the same shall exceed 20,000, and shall not exceed 

30,000 barrels ■- -4500 

If the same shall exceed 30,000, and shall not exceed 

40,000 barrels - 60 

Or if the same shall exceed 40,000 barrels - - . 75 
Every person who shall first become a brewer of beer 
for sale, on taking out such licence as aforesaid for 
that purpose, shall pay the sum of ten shillings and 
within ten days after the tenth day of October next 
after taking out such licence, pay such further addi- 
tional sum as, with the said sum of ten shillings, shall 
amount to the duty herein-before mentioned, accord- 
ing to the number of barrels of beer brewed within the 
preceeding year or period, for which such licence was 

granted 10 

Every brewer of beer for sale, who shall retail such beer 
to be consumed elsewhere than on his, her, or their 

premises - . -550 

Every person not being a brewer of beer who shall sell 
strong beer only in casks, containing not less than 
4 1 gallons impeiial standard gallon measure, or in not 
less than two dozen reputed quart bottles at one time 
to be drunk or consumed elsewhere than on his, her, 
or their premises - - - - -- -330 

Every person who shall be duly authorised by Justices 
of the Peace, to keep a common inn, alehouse, or 
victualling-house, and who shall sell beer, cider, or per- 
ry, by retail, to be drunk or consumed in his, her, or 
their premises, if the dwelling house in which such per- 
son shall reside or retail beer, cider, or perry, as afore- 
said, at the time of taking out such licence, shall not, 
together with the offices, courts, yards, and gardens 
therewith occupied, be rated under the authority of any 
act or acts of parliament for granting duties on inhabited 
houses at a rent of twenty pounds per annum or up- 
wards, or shall not be rented or valued at such rent 
or annual value or upwards - - - - -110 
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£ t. d. 

And if rated, rented, or yalued as aforesaid, at twenty 

pounds per annum, or upwards - - - -330 
4 ^ 5 TF. 4, c. 85, «. 13. For and upon every licence to 
be taken out by any person for the selling by retail of 
beer not to be drunk or consamed in or upon the 
house or premises where sold m Engktnd, the annual 
sum of - - - • - -110 

For and upon every licence to be taken out by any per- 
son for the selling by retail of beer, to be drunk or 
consumed in or upon the house or premises where sold 
in England^ the annual sum of - - --330 

Cider. — 1 W, 4, c, 64, «. 30. Licence to sell Cider by 
retail in any part of EngUxnd, in any house or premises 
specified in such licence • - - - -110 

Additional.— 34^4 Fie. c 17, #. l,from May 15, 1840, 
upon the produce and amount of all the foregoing du- 
ties, an additional duty of ... £S per cent. 

2. Excise JUgtdatums, 

Brewers are to make entry of their mash-tuns, and store-rooms ; 
aaJ they are prohibited from using any malt or hops, except such 
as are taken from the rooms so entered ; and officers are to be per- 
mitted to visit and survey them. 1 W. 4, c. 51, s. 15, 16; 7 & 8 
G. 4, c. 52, s. 54, 55. 

The licences of Beer Retailers, not being publicans, are granted 
on the certificate of a certain number of householders, and on a 
bond being entered into with sureties. 1 W. 4, c. 51, s. 1, 2; 
4 & 5 W. 4, c. 85, 8. 1, 3. 

In brewing Beer for sale, the brewer is only to use malt, hops and 
water, under a penalty of £200 ; and any person knowingly selling 
adulterating articles of any kind to any brewer, dealer or retailer, is 
liable to the penalty of £500. 56, G. 3, c. 58, s. 2, 3 ; and see as 
to Ireland^ 7 & 8 G. 4, c. 52, 8. 64, &c. 

And no Brewer is to keep any unmalted grain in his entered 
premises, or in any mill connected with them, under a penalty of 
£200.; 1, W.4, c. 51, s. 17. 

Before putting any water upon his malt for brewing, the brewer 
is to enter in an Excise book or paper, the date of such entry, the 
quantity of malt intended to be used, and the date of the brewing ; 
and he is not to remove any such malt from the mash^tun after all 
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the worts haTe been drawn off, until the officer shall have gauged 
the same, or within an hour after the time specified ; nor to mix 
worts with any yeast, until the officer has taken a sample thereof, 
or within one hour after the time specified in the notice. 1 & 2 G. 4, 
c. 22, s. 1, 2 and 3. 

Beer Retailers are prohibited from mixing adulterating in- 
gredients with Beer ; 1, W. 4, c. 64, s. 13; and from having spirits 
in their possession. 4 & 5 W. 4. c. 85, s. 16. 

The Police regulations respecting public houses are contained in 
9 G. 4, c. 61, for England ; and ii^ 9 G. 4, c. 58, for Scotland. 

Beer, in respect of the malt used in brewing it, is entitled, on 
exportation, to a drawback. — Vide Malt infra. 

1. Duties, • 

£ s. d. 
1 V, e. 57, «. 1. On every hundred weight of sugar 

manufactured in the United Kingdom from Beet-Root, 
and so in proportion for any greater or lesser quantity 
than a hundred weight - - - « 1 4 

Additional. — 3 8^ ^V.c. 17, «. 1, From May 15, 1840, 
upon the produce and amount of the foregoing duty, 
an additional duty of ... £5 p^ cent. 

2. Regulations for charging the duty. 
Every manufacturer is to make entry of his premises and utensils, 
1 V. c. 57, s. 3 ; which are to be marked and numbered, s. 4 ; and 
the officers of Excise are empowered to enter and survey, s. 5. The 
utensils are not to be used until gauged, s. 6, nor altered after being 
gauged, except on notice, s« 7. 

Notice is to be given of every grinding or mashing of Beet-Root 
to be made into sugar, s. 8 ; and when the juice or syrup is collec- 
ted, a declaration of the quantity and gravity is to be given to the 
officer, who is to attend and take an account of it, s. 9. The officer 
may take samples, which are lo be deemed the gravity of the whole 
contents of the cistern, s. 10. The juice, after the quantity and 
gravity has been ascertained, is to be run off to the sugar pan and 
kept separate during the process of the manufacture until charged, 
8. 11. And when the manufacture of sugar is complete, notice is 

* This was the first Imposition of an Excise duty on Beet-Root Suear« 
The net receipts in 1839, were only £9. 
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to be given of the time when it will be ready to be weighed, s. 12. 
There are two modes of charging the duty, first, from the gravity 
of the syrup, s. 13. Secondly, by the weight of the sugar produced, 
s. 14. And the officer is to make a return of the duty every six 
wrecks, and charge the maker by whatever mode will produce the 
highest amount of duty, s. 15. 

The Commissioners of Excise may prescribe a saccharometer to 
be used for ascertaining the gravity of the syrup, s. 16. The maker 
to keep scales and weights, s. 17, and to assist with his servants in 
weighing, s. 18. Charged and uncharged sugar to be kept separate* 
s. 19. Penalty on evading the duty £500, s. 20. 

ISrtcles. 

1. Duties* 

£ 8. d. 
2^3 V.c. 24, s. 2. For and upon every 1000 Bricks 

of a size not exceeding 150 cubic inches each brick, 

which shall be made in Grent Britain, or which shall 

be brought from Ireland into Great Britain, a duty of 5 10 

For and upon 1000 bricks exceeding the foregoing size, 
which shall be made in Great Britain, or which shall 
be brought from Ireland into Great Britain, a duty of 10 

Additional.— 3 <^ 4 F. c. 17, s. 1. From May 15, 1840, 
upon the produce and amount of the foregoing duty, 
an additional duty of - - - £5 per cent. 

2. Drawbacks, 

2 ^ 3 F. c. 24, 8. 22. For all bricks made in Great 
Britain, on which the duties imposed in respect thereof 
shall have been charged, and which shall be duly re- 
moved to Ireland, or exported to Foreign parts, as mer- 
chandize, a drawback of - - The Duties paid. 

Additional. — 3 & 4 V.c. 17, *. 3. On all goods and 
commodities entitled to drawback on the exportation 
or removal thereof to foreign parts, or Ireland, which 
shall, after Aug. 15, 1840, be so exported or removed, 
an additional drawback of - - > £bper cent. 

* The Excise duty was first laid on Bricks and Tiles, by 24 G. 3, c. 34. 
The duty on the latter commodity was repealed in 1839. The net revenue 
arising from the Brick duty in 1839, was in England, £450,437, andin Scot- 
land7£13,999. 
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3. Process oj Manufacture. 

The clay, previously tempered and prepared, is brought to a 
bench on which a mould of the proper size and form required, is 
placed. The workman then fills the mould with clay, strikes off the 
superfluous part thereof and smooths the surface, when the brick is 
completed. It is afterwards removed and laid on the ground, in a 
place (called the flats) to dry. When sufficiently hardened, the 
bricks are placed one upon another in hacks, resembling walls, in 
which state they remain until they are dry enough to go to the kiln 
or clamp to be burnt, a process which requires from a month to six 
weeks, according to the weather. Tn many instances, however, the 
bricks are taken directly from the mould to the hack, but this 
cannot be done with strong clay, which requires to be moulded in 
a wet mould. 

4. Regulations for charging the Duty. 

Every brickmaker is to make entry with the Excise of his brick- 
fields, sheds, &c. 2 & 3 V. c, 24, s. 4, and the officer is thereupon 
empowered to enter and survey, s. 5. 

The bricks are to be taken account of and charged whilst drying, 
and before being removed to the kilns or clamps for burning, s. 6 ; 
but in charging the duly, ten per cent, is to be allowed for waste ; 
s. 7. When drying, the bricks are to be placed in such form that 
the officer may readily and securely take an account of them, under 
the penalty of £50. s. 8. 

The maker is to provide a mould for determining the size of 
irregularly shaped bricks, and whether liable to the higher or lower 
rate of duty, s. 9 : which mould, is to be kept securely, and 
delivered to the officer on demand ; and the trader and his servants 
are to assist in using it, if required, s. 10. 

Bricks are not to be removed to the kiln or clamp for burning 
until chaiged, s. II ; unless the officer shall neglect to attend on 
notice s. 12. Charged and uncharged Bricks are to be kept sepa- 
rate 8. 13; and not concealed s. 14. 

The officer is to make a return of the duty at the expiration of 
every six toeeks, or as the Board shall direct ; and the maker is to 
olear off such duty under a penalty of double the amount, s. 15. 

All bricks whether moulded of not, come within the Act, s. 16 ; 
and nothing is to be deemed to be a tile, which shall not, when turned 
out of the mould, (except tiles for covering buildings or draining 
lands) be a perfect square, or be thicker than 1*7 inch, if under 8 



CHAP. 11.] EXCISE DUTIES — COFFEE. 299 

inches square, or than 2\ inches, if more than 8 inches square, or 
which shall have any incision so as to allow of heing easily separated. 
But the commissioners may determine that tiles, not square, are 
not bricks on being sati86ed that they are to be used as tiles, s. 17. 

Bricks may be made free of duty, for draining wet and marshy 
land, on being stamped with the word '* drain," s. 18. And an 
allowance of the duty is made in certain cases when the bricks 
have been used in building chivches; 3 G. 4, c. 72, s. 27. 

Bricks are to be entered on being brought from Ireland, and the 
duty paid thereon ; 2 & 3 V. c. 24, s. 19. 

Bricks are allowed, on account of their bulk, to be exported 
without being enclosed in packages. In that case, the officer to 
whom the shipping notice is given, (a packing certificate being 
unnecessary,) delivers it to the searcher of customs ; and upon the 
number shipped being certified by him the debenture is made out, 
s. 24. 

For the purpose of charging the duty, the officer is to survey each 
entered Brick-yard in his residence once every day, Sundays ex- 
cepted ; and those out of residence four times a-week, or five times 
a fortnight, according to the nature of the business,— 'Board Instruc- 
tions. 

1. Duties, £ s. d» 

Licences. — 6 G, 4, c 81, », 2. Every persDn tradint? 
in, or selling coffee, tea, cocoa-nuts, chocolate or pepper, 
within Great Britain or Ireland, the annual sum of - 1 1 

Additional — 3 4* 4 F. c 17, *. 1. From May 15, 1840, 
upon the produce and amount of the foregoing duty, 
an additional duty of - - - £5 per cent. 

2. Excise JRegxdations. 

Every dealer in coffee, tea, cocoa-nuts, chocolate or pepper, is 
to make entry of his premises, which are to be open to the inspec- 
tion of the officers ; 10 G. 4, c. 10, s. 10, 12. See also 9 G. 4, c. 
44, s. 1, 4; and Board's Orders, dated 26th July, 1828, and 1st of 
March, 1836. 

For the penalties for adulterating Coffee or Cocoa, see 43 G. 3, 
c. 129, s. 5; Tea, 11 G. 1, c. 30, s. 5 ; 4 G. 2, c. 14, s. 11; 
17 G, 3, c. 29, s. 1, 2, 3 ; Pepper, 59 G. 3, c. 53, s. 22. 
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I, Dutiet* £ 8. d. 

14-2 Vic. c. 44, Sch. For every hundred weight of 
the materials or metal or other preparations whatever, 
by what name soever the same may be called or known, 
which shall be made use of in the making of Plate 
Glass, and so in proportion for any greater or less 
Quantity. 3 

For every hundred pounds weight avoirdupois, and so in 
proportion for any greater or less quantity, of the 
fluxed materials or metal or other preparations what- 
ever, by what name soever the same may be called or 
known which shall be made for the purpose of making 
Flint Glass, the sum of - - - 6 8 

For every hundred weight of Crown Glass and German 
Sheet Glass, [and, by 3 & 4 Vic. of all Broad or 
Spread Glass,] and so in proportion for any greater 
or less quantity - - - - -3 13 6 

For every hundred weight of common Bottles and all 
other vessels and utensils made of common bottle 
metal, and so in proportion for any greater or less 
quantity - - - - • 070 

Licences.— 6 G. 4, c, 81, ». 2. Every glass maker 
within Great Britain or Ireland,ioT each and every 
Glass House, the annual sum of - - - 20 

Additionai..— 3 ^ 4 r. c. 17, *. 1. From May 15, 1840, 
upon the produce and amount of all the foregoing du- 
ties, an additional duty of - - - £5 per cent. 

2. Dratchaek*, 

1 ^ 2 v. c. 44, Sch. For every square foot, superficial 
measure, of ground and polished Plate Glass made 
from material or metal or other preparations for or 
upon which the duties payable in respect of Plate Glass 
shall have been charged, which shall be exported to 
foreign parts, and so in proportion for any greater or 
less quantity - - - - -029 

* A duty upon Glass Wares was first imposed in Great Britain by 6 & 7 
W. and M., but repealed by 10 & 11 W. 3 ; and again laid on permanently, 
by 19 G. 2, c. 12. in Ireland, a duty on glass bottles was first granted in 
1797, and on fiint and other glass in 1825. The net revenue anaing from 
this duty in 1839, (exclusive of licences,) was as follows :-— England, 
£645,761 ; Scotland, £34,917 ; Ireland, £10,343. 
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£ f. d. 

for every one hundred pounds weight avoirdupois, and 

so in proportion for any greater or less quantity, of 
Flint Glass, for or in respect of which, or of .the 
materials, metal, or other preparation from which the 
same shall have been made, all Excise duties payable 
thereon shall have been duly charged, and which shall 
he exported to foreign parts - - - 18 9 

Por every hundred weight of Crown Glass and German 
Sheet Glass, [and by 3 & 4 V. c. 22, s. 2, after 1st 
Jan. 1841, of broad or spread Glass,] for which the 
duties shall have been charged, and which shall be 
eiEported to foreign parts, or the islands of Guernsey, 
Jersey, Aldemey, or Sark, in shades or in whole tables 
or half tables or quarter tables, and so in proportion 
for any greater or less quantity than a hundred weight 
of such shades, table, half tables, or quarter tables, 
calculating the drawback upon the weight of the whole 
table exported, although the same may be cut into half 
or quarter tables for convenience of exportation - 3 13 6 
For every hundred weight of panes of Crown Glass for 
which the duties shall have been paid, and which shall 
be exported to foreign parts, such panes being in 
regular rectangular figures of not less dimensions than 
nz inches in length by four inches in breadth, nor 
containing any part of the bullion or thick centre of 
the table from which such panes shall have been cut, 
and so in proponion for any greater or less quantity 
than a hundred weight - - - -4180 

For every hundred weight of panes of German Sheet 
Glass, [and by 3 & 4 Y. c. 22, s. 2, after Ist Jan. 1841, 
of all broad or spread Glass], for which the duty shall 
have been charged, and which shall be exported to 
foreign parts, such panes being in regular rectangular 
figures of not less dimensions than six inches in length 
by four inches in breadth, and in proportion for any 
greater or less qtiantity than a hundred weight - 4 
For every hundredweight of Common Bottles, and of all 
other vessels and utensils of common bottle metal, for 
which the duties shall have been paid, and which shall 

D D 
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. . £ 8. d. 

be exported, and in proportion for any greater or leas 

quantity - - - - - -070 

Additional. — 3 ^ 4 Vic, c. 17, *. 2. On all drawback 
due on the exportation of all such goods and commo4 
dities to foreign parts, and which shall after Aug. 15, 
1840, be so exported, an additional drawback of - £5 per cent. 

3. Process of Matwfacture, 

The materials used for making glass are chiefly sand, silez^ and 
fixed alkalies. These materials are melted so as to produce a fluid, 
which when cold, constitutes glass, but which, while liquid, may be 
moulded, blown, drawn, or cast into any shape. Glass-hottHH ^re com- 
monly made of a conical form, a large vault being made lA. the 
interior of the cone, and extending from side to side. Oyer this vault 
is a furnace for melting the materials, ^in earthen pots or crucibles, 
which, for that purpose,- are inserted in holes or arches in the 
furnace. When the glass has been fused in the crucibles, it is 
taken out and blown or shaped, into the required form by mtans 
which will be afterwards described ; after which, for most kinds of 
wares, the glass is deposited in another fiirnace called an atmealiiig 
arch, the heat and temperature whereof is allowed Jo diminiBh by 
slow degrees, so as to temper and harden the glass ; and this 
finishes the process of the manufacture. Crown 02<ws.*— When the 
materials have been fluxed and the metal is found 8u£Giciently pure 
for the purpose intended, a quantity is taken out of the pot on. the 
end of an iron pipe, to which it readily adheres, and is blown, 
while in a soft state, into a globular form : it is then taken on the 
end of an iron rod, and introduced into a f|irnace when it becomes 
oblate ; after which it is carried to the. 'flashing furnace where it 
opens, by a rotary motion, into a circular sheet, called a table, which> 
is immediately deposited in the annealing arch. Ftint and Phial 
<r^«.~-The metal is taken out of the pot, in the same manner ju 
for crown glass, and then blown and shaped, or moulded into the 
articles required. Cast Plate Glass.'^The fluid metal, having been 
careftdly skimmed, is laded from the pot, in which it is founded, 
into others, called casting cisterns or cuvettes, placed in the refining 
furnace ; after which it is cast upon an iron table, a roller being 
passed over the metal while in a fused state, to regulate itsjthjuck- 
ness. The plate is afterwards annealed, atid then gvound 4nd 
polished. Blown Plate is made in nearly the same manner as crown 
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glass. S^4ad Window or Broad G/om.— The quantity of metal 
required is taken out of the pot on the end of the punty, and after 
it has been blown into a cylindrical shape, but somewhat conical, it 
is opened at one end by means of fire : it is then carried to the 
' siokel ' or oven, wherein, by the applicat\on of a cold iron, it is 
split down the side, and opened, and spread upon a convex stone 
till it is quite flat, when it assumes the shape of a trapezoid, being 
rather wider at one end than the other. It is then annealed. 
German Sheet Glass,— 'The metal is taken out of the pot as in the 
last case, and blown and shaped into cylinders similar to broad 
glass, except not being conical. It is then opened, at one end by 
means of fire and at the other by separating it from thQ pipe, and 
it is afterwards cut down the side with a diamond, and placed ia^ 
the flattening arch, in which it is gradually heated till the cylinder 
gives way and falls open in the shape of a square, or oblong table, 
and it is then flattened by means of pressure. Common Botdes*"^ 
The metal is taken from the pots, on the end of the punty as before 
described, and blown into bottles and other utensils of the form 
required, (some being blown and shaped in matrices) and they are 
immediately deposited in the annealing arches (called " bottle 
arches'') to be annealed. 

4. Regulations for securing the Duty, 
Bvery glass maker is to make entry of his premises and utensils 
which are to be marked with particular numbers, &c., 1 & 2 V. 
c. 44, 8. 3, 4 ; and the Officers are empowered to survey, s. 5* 

Pots for making Plate or Flint Glass are not to be put into the 
annealing arch untU they have been examined, gauged, and marked 
by the officer, and re-gauged by the Supervisor, s. 6 ; who as sooa 
as he has gauged any pot, is to give a copy of the dimensions, &c., 
to the glass maker, s. 7. The circtdar divisor for ascertaining the 
contents of Plate Glass, is 14-3876 and of Flint Glass, ii'QO; s. 8. 

Makers of Plate and Flint Glass are to give tioo hours' notice, 
before beginning to heat their annealing pot-arches, s. 9 ; and 
a like notice before beginning to fill and charge pots with materials ; 
s. 1 1 ; and makers of Flint Glass are also to give two hours notice 
of setting pots in the furnace, and not to change or alter their posi- 
tion, except on emergency and on notice ; s. 1 0. In order to 
charge the duty on Plate or Flint Glass materials, the officer is to 
gauge the dry inches or unoccupied space between the top rim or 
lip of the pot, and the surface of .fluid metal; and deduct' suclir 
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quantity or weight from the quantity which, according to the 
original gauge, the whole pot is denoted to be capable of con t a i n in g, 
I. 12. Metal is not to be added after gauge, s. 13 ; and the officer 
may take samples not exceeding 4 oz. paying, if demanded. Id. 
per OK., B. 14. When metal for making Plate or Flint Glass, is 
lost by the pot breaking or cracking, the Supervisor may make an 
allowance thereon ; s. 15. 

In all fixed pots, an allowance is to be made for waste, of one 
third of the metal and four inches at the bottom, for tioum Plate 
GUui, and one half of the metal and four inches at the bottom, 
for Cast Plate OUus, s. 16 ; but when the pots are not two-thirds 
full, only one-fourth to be allowed for blown plate, or one-third for 
cast plate ghiss, 3 & 4 Y. c. 22, s. 9 ; and when moveable pots 
are used as founding pots and casting cisterns of Cast Plate Glass, 
only two inches at the bottom are to be allowed, 1 & 2 V. c. 44^ 
s. 17. Fluxed materials for plate glass, may be laded out in certain 
cases, on notice, s. IS ; and, the bottoms of pots may also be 
worked out on notice, and the duty charged on the quantity worked 
out, 3 & 4 v. c. 22, s. 10. Makers of Plate Glass are to give 
notice, whether the metal in any pot is for blown plate or cast plate 
glass, and if the notice is departed from, part of the allowance 
is to be forfeited, I & 2 V. c. 44, s. 19. Such makers may break 
down imperfect plates, and obtain an allowance, on giving proper 
notice and after due inspection thereof by the Supervisor, s. 20. 

Makers of Flint Glass are to give two houis notice of un- 
stopping pots under a penalty, which however, is not to be 
incurred, if the pots break or crack, s. 21 ; nor for unstopping pots 
during the time of filling or chaiging, s. 22. Any officer may unstop 
pots to examine the metal, s. 2S. All the pots charged for flint 
glass are to be unstopped at tbe same time, s. 24 ; but flint glass 
makers on notice, may charge ** overtakers, *' s. 25. The metal in 
any pot within twenty hours after beginning to charge, may, on 
notice, be laded into water to improve it, s. 26. Each journey to 
be finished, and the metal worked out into wares by six o'clock on 
Saturday night, or such as cannot be worked out, to be laded out 
under notice, and the weight deducted, s. 27. 

Every maker of Flint Glass is to make entry of his annealing 
lears, s. 28 ; each of which mi^t be constructed with parallel sides, 
one mouth, and one discharge-hole, opening^into the weighing- 
room ; and they must also be progressively numbered, s. 29. He 
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is likewise to provide fasteniDgs for securiDg the mouth of every 
lear, which fastenings are to be locked and secured by the officers, 
8. 30 : Also a weighing and reweighing-room with proper commu- 
nications and fastenings, s. 31 : Also pans and trays for receiving 
goods in the lear, and proper machinery for working such pans and 
trays in the lear ; and for drawing them through the lear into the 
weJighing-room, s. 32. But rollers and machinery need not be 
applied to the lear used for annealing goods for cutting, s. 33. 
Two hours notice to be given for heating a flint glass leai ; s. 34. 
Glass of different makings not to be annealed at the same time, 
8. 35. All articles requiring to be annealed are, as soon as made, to 
be deposited in a pan oi tray, placed within the mouth of the lear ; 
and as the pans or trays are filled, are to be drawn down into the 
lear, and from thence into the weighing-room, s. 36. Before 
locking up the lear at the close of the journey, a declaration of the 
number of pans is to be given under a penalty, which is not to be 
incurred if the number does not exceed tha declaration above two 
per cent, s. 37. Otte hour's notice is to be given for regulating the 
pans, s. 38, and six hours notice for opening the weighin^^-room, 
and charging the goods ; and the officer is to attend at the time 
mentioned in the notice, and unlock the fastenings and weigh 
the goods in the weighing-room (except such as may be selected to 
be broken down,) and charge the duty ; but no notice is to be given 
for any other time than between six a.m., and six p.m., s. 39. In 
weighing, the reweighing-room door is to be and continue fastened 
the whole time ; and after the weighing, the goods are to be imme* 
diately removed into the reweighing-room, and kept there /our 
hours, unless the supervisor shall sooner re weigh them ; and any 
additional weight discovered on reweighing, is to be charged ; and 
the supervisor is to examine the glass, selected for breaking down 
and satisfy himself that it is so broken down ; and immediately after 
reweighing the goods, they are to be removed from the reweighing- 
rooih, s. 40 and 45. 

* Flint Glass which does not require to be annealed, is to be depo* 
sited in a properly constructed room for the purpose ; such room 
communicating With the glass-house, and having only one entrance 
door, which is to be kept locked by the officer when any glass is 
deposited therein, and only to be opened on notice, 8. 41. One 
hour's notice is to be given of the intention to make any such goods ; 
I. 42, and when made, the same are to be placed in baskets or tra^s 
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and carried Immediately into the room for anannealed goods» and 
to remain there until charged with duty, b. 43. Six hour's notice^ 
is to be given for weighing such goods, s. 41 ; and they are to re- 
main in the room after being weighed for /our hours^ unless sooner 
reweighed by the supervisor ; s. 44. 

Flint Glass goods may be selected and declared imperfect, and 
thereupon such articles are to be broken in the Officer's presence, 
and not weighed or charged, s. 45. 

The annealing arches for Spread or Broad GUuSf Croum Glastt 
German Sheet Glass, and Common Bottles, are to be constructed 
with parallel sides, with only one entrance, and to be numbered 
progressively ; s. 4G. But the Board may allow any annealing arch 
for German Sheet Glass to be used with two entrances, s. 47. Iron 
gratings and fastenings are to be provided for the annealing arches 
and ovens, which are to be locked up when goods are therein, 
8. 48. ; and before heating, two hours notice is to be given, s. 49, 

All Crown Glass as soon as flashed, and Spread and German Sheet 
Glass as soon as opened, is to be placed in the annealing arch, and 
no other Glass is to be put therein, s. 50. And makers of Spread, 
Crown, and German Sheet Glass, within half an hour after all the 
tables or sheets have been placed in the annealing arch, or oven, 
and before closing up such annealing arch, &c., are to deliver a 
declaration of the number of tables placed in it, and the number of 
inches unoccupied between the front table and the grating, (and 
of each row or pile, 3 & 4 V. c.22, s. 3) ; and such number of tables 
or inches is not to be above five per cent, more or less than the true 
number, under a penalty, s. 51. 

All bottles and utensils made of common bottle metal are to be 
placed in the annealing arch as soon as made, in such manner as 
the officer shall approve of; and no other goods are to be put 
therein, s. 52 ; and the maker before beginning to close up the 
annealing arch, is to deliver a declaration of the number of bottles, 
&e., placed therein, which number must not differ from the true 
number by above 5 per cent, under a penalty, s. 53. 

Twelve hour's notice is to be given before beginning to draw 
Spread Glass, Croum Gktss, German Sheet Glass, or Common Bottles 
out of any annealing arch, and the officer is to attend on such notice 
and unlock the arch, and take an account of and weigh the goods ; 
but no notice is to be given for any other time than between 6 A.if ., 
and 6 p.m., s. 54. As soon as any spread glass, crown glass, or 
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German sheet glass has been weighed, it must be deposited for three 
hours separate from other glass, unless sooner reweighed by the 
supervisor, s. 55. 

Makers of Oerman Sheet Glass, making shades which do not 
require to be annealed, are to provide a separate room for the 
deposit of them, s. 56 ; and after the journey is finished, and before 
the door of such room is secured by the officer, to declare the num- 
ber of shades made in each journey, under a penalty, s. 57. The 
declaration of German sheet glass is not to include cropt cylinders; 
and no articles to be deemed shades but such as were so before 
the act, 3 & 4 y. c. 22, s. 4. 

The Commissioners may grant permission for Spread or Owm, 
or German Sheet Glass to be annealed in a lear, 1 & 2 V . c. 44, s. 58. 

Plate Glass is not to be manufactured in the same house with 
Spread, Crown, or German Sheet Glass, s. 59. AH spread, broad, 
crown or German sheet glass, of greater thickness than one-ninth of 
an inch, to be forfeited, 3 & 4 V. c. 22, s. 6. 

Locks and keys in any glass-house, to be altered and repaired at 
the trader's expence, 1 & 2 V c. 44, s. 62. Fastenings not to be 
damaged, or access obtained to places secured under a penalty, 
s. 63. Proper weights and scales to be provided, s. 64 ; and 
the maker with servants, &c., to assist in weighing, s. 65. In weigh- 
ing glass, the turn of the scale to be given in favour of the Crown ; 
one per cent, being allowed in charging the duty, s. 66. Glass not 
chaiiged, to be kept separate from other glass, s. 67. At the end of 
every six weeks, the officer is to make a return of the duty, which 
must be paid in six weeks afterwards^ s. 68. 

For making the charge on Flint Glass, an account is to be made 
out at the end of every six weeks, of the whole quantity charged 
by guage, and of the whole weight of glass weighed within such 
period, and two-pence per lb., additional is to be charged on all 
excess upon tlie fluxed materials, above ybr^y per cent, s. 69. 

The fire not to be stirred in any glass house, nor any smoke or 
vapour raised to prevent the officer from examining pots, metal or 
glass in the furnace or annealing arch, under a penalty of £100, 
s. 70. And glass or materials not to be concealed under the penalty 
of £500, s. 71. Every person making glass, or glass wares, &c., 
to be deemed a glass maker, s. 72. 

Drop Pinchers, or makers of beads or buttons from glass, are 
te make entry of all their rooms or places; and from time to 
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time to produce the invoices of their materials to any officer of 
Excise, 8. 73. 

Flint Glass Makers are not to open uncoloured shades, except 
into plates which when opened, are not less than two-tecths of an 
inch thick, nor greater than 14 inches square, s. 74. 

Glass Benders or Stainersy not being makers, are to make entry, 
and not to have shades or cylinders of uncoloured flint glass in their 
possession, s. 75, and the officers of Excise are empowered to 
inspect the premises of drop pinchers, benders and stainers, s. 76. 

The regulations for exporting glass on drawback, are contained 
in the same act, s. 77 — 91. 

It is the duty of the officers to see that the traders comply with 
the law in respect to their entries, licences, notices, declarations, 
weighings, &c. ; to guage and calculate the areas and contents of the 
Utensils; to survey and accurately record the state of the house 
and business at stated periods ; to lock up and secure the places and 
utensils that require it ; to weigh and take an account of the glass ; 
and, every round, to make out the required returns for the duty. 
The duty on flint glass is secured by keeping an officer in constant 
attendance from the commencement of the journey, until the end 
thereof. Plate and crown, spread, window, and bottle glass-houses, 
are required to be surveyed every six hours from the time of 
charging the pots until the metal for each journey is woiked out. 
And glass-houses, in general, where there are fires, but which are 
not wholly silent, are surveyed twice a day ; and if wholly silent 
once only. 

1. Duties,* £ s. d. 

43 Geo, 3, c. 69* 45 Geo, 3, c. 94. — For every pound 
weight'avoirdupoisof hops growing or to grow in Great 
Britain, which shall be cured and made fit for use to 
be paid by the owners or possessors thereof - -002' 

Treasurj^ Schedule, dated 18th July, 1823, founded on 
4 6. 4, c. 30. For every pound weight avoirdupois 
of hops of the growth of Ireland which shall be im- 
ported from Ireland into Great Britain, to be paid by 
the importer thereof - - . - 2 



I 



• The fixat duty on Hops wasgranted by 9 Ann, c. 12, at Id. per lb. The 

■1* T®"**® *f,*^»»^**^ this/uty in 1839, was ie880»080» the wh«]« at 
which was collected in EnglancU ^^ * • ^ w«wiw «». 
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Additional. — 3 Sf 4 V, e,l7,t.l. From 15th May, 
1840, upon the produce and amount of the foregoing 
duties an additional duty of - - - £5 per eeni. 

2. Drawbacks. 

45 Cfeo, 3, c. 99. On the exportation of British hops to 
the Isle of Man, a drawback of the whole duty paid 
thereon ..... Whole dviy, 

1 & 2 Geo. 4. e, 100. For every pound weight avoirdu- 
pois of hops grown, cured, and made fit for use in 
Great Britain, and exported as merchandise to foreign 
parts ... ... Whole duty. 

Additional. — 3 ^ 4 F. c. 17, «. 2. On all drawback 
due on the e]q>ortation or removal to foreign parts, of 
all such goods and commodities, which shall after 
Aug. 15, 1840, be so exported or removed, an addi- 
tional drawback of - - - - £5 per cent. 

3. Mode of Curing. 

Hops are the fruit of the Hop plant, of which there are extensive 
plantations in the counties of Kent, Sussex, Surrey, Hertford, and 
Worcester. They are picked before being ripe enough to shed their 
seeds, into baskets or bins, from which they are emptied into bags^ 
and conveyed to the oust or kiln to be dried, or stoved. When 
dry, they are thrown into a chamber where, in a few days, they be- 
come so tough from the atmospheric moisture, as to allow of their 
being, without injury, packed closely in the bags or pockets in 
which they are sent to market. 

4 Regulations for securing the duty. 

Every grower of Hops is required before the 1st of August in 
each year, to make entry of his Hop grounds ; and, before he begins 
to pick any hops, to make entry of his oust-houses and rooms ; 
9 Ann, c. 12, s. 6, 7, 8 : he is likewise required to give the officer 
twenty-four hours' previous notice in the first week, and forty-eight 
hours afterwards, of the day and hour when he intends to begin to 
bag his hops ; and a like notice for weighing them, 9 Ann, c. 12, s 
10, 11, 12 ; 6 G. 1, c. 21, s. 25 ; and 39 & 40 G. 3, c. 81, s. 6. 

Before putting Hops into any bag or pocket, the grower is to 
mark his name, and the parish, &c. thereon, 39 & 40, G. 3, c. 81 
s. 2 ; 48 G. 3, c. 134, s. 1, and 54 G. 3, c. 123, s. 1. AU hops are 
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to be cured and bagged within six weeks after having been picked, 
9 Ann, c. 12, 8. 9. 

^o officer inferior to a supervisor is allowed to weigh hops between 
4 p. M., and 5 a. m., 39 & 40 G. 3, c. 81, s. 7. In weighing the 
Hops, 10 per cent is deducted from the gross weight for the tare of 
the package, 9 Ann, c. 12, s. 13. After weighing, the officer is 
to mark upon each bag and pocket the progressive number, gross 
weight, and year of charge, s. 4 ; and the grower is 1o keerp them 
unmixed with others for iioelve hours, unless they shall be sooner 
re-weighed by the Supervisor, s. 5. 8. Hop growers are required 
to keep just scales and weights, and permit officers to use them, 
6 G. 1, c. 21, s. 26. 

The weight of hops taken account of by the officer is returned to 
the Board, and becomes a charge to the grower, 9 Ann, c. 12, s. 
11; 6G. I, c. 2l,s. 28. 

The duties are payable, one moiety on the 1st. of March next 
after the charge ; and the remainder on the 1 st of October follow* 
ing, 1 and 2 W. 4, c. 53. 

A grower is not to use a bag a second time, nor put hops of 
differeot qualities into the same bag, or alter them, 7 G. 2, c. 19, 
s. 2; 54 G. 3, c. 123, s. 2; 9 Ann, c. 12, s. 23; the weight 
of the bag must be in proportion to the weight of the hops therein, 
39 and 40 G, 3, c. 81, s. 3. As to pickers carrying off hops, see 
9 Ann, c. 12, s. 18. 

Officers are enjoined to visit and survey the grounds and the 
ousts and kilns under prescribed rules; to see that the hops are 
removed to the entered ousts to be dried; to attend when notice 
has been given for bagging hops ; and to to take an account of the 
number of bags and pockets put up ; also to attend at the time spe- 
cified in the notice to weigh the hops for the charge of duty thereon. 

As tj the removal of British hops to Ireland, see 26 G. 3, c. 5, 

See Auctions, Beer and Cider, Coffet, 8(c,, Glcus, Malt, Paper, Passage' 
Vessels, Post-Horses, Soap, ^irits. Sweets, Tobacco and Snttff', 
Vinegar, and Wine. See also p. 286. 



*, The total net revenue arising trota the Excise duties on licences in 
1839, ^ as follows : England, £80!),732 ; Scotland, £100,835 ; Ireland, 
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malt 

1. JhUies*. £ i. d. 

6 Geo. 4, a. 58. For and upon every 100 gallons impe- 
rial -etandardigallon measure, and so in proportion for 
any greater or less quantity of malt made in any part 
of the United Kingdom of Great Britain and Ireland 
from barley or any other com or grain, (except malt 
made for home consumption in Scotland [or- Ireland, 
11 G. 4, c. 31, s. 1.] from bear or bigg only), or which 
shall be brought from Scotland into England, without a 
certificate from the proper officer that it hath paid the 
Kill duty hereby imposed, an excise duty of - - 1 13 4 

This duty is 2s. 8d. per bushel, but by Treasury warrant 
dated 11th May, 1826^ only 2s. 7d. per bushel is now 
receiyed. 

6 G. 4, c. 58, (as to Scotland) 11 G. 4, e. 31, (as to Ire- 
land). For and upon every 100 gallons, imperial 
standard gallon measure, and so in proportion for any 
greater or less quantity of malt which shall be made 
from bear or bigg only in Scotland or Ireland, for con- 
sumption in Scotland or Ireland - • - 1 5 
or 2s. perbtisKel. 

liiCENCEff. — 6 G. 4, c. 81, *. 2. Every maltster or 
maker of malt, within Great Britain or Irdand, if the 
quantity of .malt made by such maltster or maker of 
malt within the year ending the 5th day of July in 
each year shall not exceed 50 quarters, the annual 
sum of- - - - - -076 

If the same shall exceed 50, and shall not exceed 100 
quarters - - - - --0 15 

If the same shall exceed 100, and shall not exceed 150 
quarters - - - - - -12.6 

If the same shall exceed 150, and shall not exceed 200 
quarters - - - - --110 

If the same shall exceed 200, and shall not exceed 250 
quarters- - - - - --117 6 



• A dntr on malt was established in Bugland in 1G97 (8 & 9 W. 3, c. 28.) 
in Scotland, 1713. and in Ireland, 1785. Tbe net rerenue arising from this 
duty in 1839, was as fallows: EngUmd, £iM^fil^i Scotland, £388,933; 
Ireland, ie238»899. 
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£ 8. d. 

If the same shall exceed 250, and shall not exceed 300 
quarters - - « * --250 

If the same shall exceed 300, and shall hot exceed 350 
quarters - • - - - -2 12 6 

If the same shall exceed 350, and shall not exceed 400 
quarters - - - - --300 

If the same shall exceed 400, and shall not exceed 450 
quarters - - - - --376 

If the same shall exceed 450, and shall not exceed 500 
quarters - - - - --3 15 

If the same shall exceed 500, and shall not exceed 550 
quarters - - - - --426 

And if the same shaU exceed 550 quarters - - 4 10 

Every person who shall first hecome a maltster or maker 
of malt, on taking out such licence as aforesaid for that 
purpose, shall pay the sum of seven shillings and six- 
pence ; and, within ten days after the 5th day of July 
next after taking out such licence, pay such further 
additional sum as, with the said sum of seven shillings 
and sixpence, shall amount to the duty herein-hefore 
mentioned, according to the quantity of malt made 
within the preceding year or period for which such 
licence was granted - - . - 7 6 

Dreaswy Warranty Dee, 12, 1826.— Bye-maltsters or 
persons who make malt for their own use and from 
the produce of their own premises, not exceeding five 
quarters yearly - - . - 2 6 

Additional. — 3 4r 4 F. c. 7, ». 1. From May 15, 1840. 
Upon the produce and amount of all the foregoing 
duties, an additional duty ot h - £5 per cent. 

2. Dratobacks, 

1 IF. 4, c. 51. For and upon every barrel of thirty-six 
gallons, and so in proportion for any greater quantity 
of beer brewed by any entered brewer of beer, for sale 
in the United Kingdom, and which shall be duly ex- 
ported to foreign parts as merchandise, in the brewing 
whereof not less than two bushels of malt shall have 
been used to every thirty-six gallons of such beer - 5 
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£ $. eL 
Ai>i>iTiONAL. — 3 ^4 V,c, 17, *. 3. Upon any draw- 
back of excise due on goods and commodities entitled 
to drawback on exportation, and which after 15th Aug. 
1840, shall be so exported, an additional drawback 
of - - - - - £5 per cenl. 

And see Spirits* 

1. Description of the Process of Malting. 
Malt is grain that has been made to vegetate artificially to a 
certain extent, after which the process is stopped by the application 
of heat. Barley is the grain usually employed for making malt, 
but occasionally wheat, oats, beans, or peas are used; and in 
Scotland and Ireland an inferior kind of barley called bear or bigg. 
The process commences with steeping the corn in a vessel, called 
a cistern, containing cold water, which is sometimes put in before 
the grain, and sometimes afterwards. The effect of this operation 
is to cause the grain to increase in bulk and imbibe moisture, whilst 
at the same time a quantity of carbonic acid gas is emitted, and a 
part of the substance of the husk is destroyed. In 40 hours, the 
average swell by steeping is assumed at 18 1 bushels for every 81| 
bushels steeped, and this is the rate on which the legal allowances 
are calculated. 

The water is drawn off after the grain has been steeped the 
required time, which must not be less than forty hours. It is 
then tltfown out of the cistern into an utensil, or a part of the malt 
house partitioned off, called the cottch frame, where it forms a 
heap, usually about sixteen inches deep ; and remains not less than 
twenty-six hours. At the end of that time it is deemed to be a^oor, 
and is from time to time turned by means of a wooden shovel, 
an operation which is called " working on the floor ;" and the pro- 
cess goes on as follows :— 

Ist.— The grain at a certain period (which varies according to 
circumstances) becomes moist and emits a rather agreeable smell, 
and soon after this period the roots begin to make their appear- 
ance. — 2nd. — The acrospire, or future stem begins to swell, and 
gradually advances under the husk, from the same end where the 
roots are observed to spring, till it nearly reaches the other extre- 
mity of the grain. 3rd. — The kernel, as the acrospire advances 
through it, becomes friable and sweet tasted. 
The whole art of malting depends upon the proper regulation of 

£ B 
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these changes. In a day or two after the grain has been thrown 
out of the cistern (especially if the weather be warm) the ro<^ 
begin to appear at the end of each kernel in the shape of a nnall 
white protuberance, which soon divides itself into distinct fibres or 
rootlets. The grain about this time appears moist on the outside 
which is called sweating, but which usually goes off in a day or two. 
If the grain be split and examined in about a day after the spivad- 
ing of the roots, the acrospire may be seen to be lengthening, and 
advancing within the husk towards the end of the grain, opposite to 
that at which it originates. The process of malting however, is 
brought to a conclusion some time before the stem has made such 
progress as to burst the husk. 

As the germination proceeds the grain is gradually spread thinner 
on the floor : and when the moisture has been in some degree 
evaporated, and the germination has thereby been checked, it is 
again gradually laid thinner to wither. Maltsters however differ 
much in their manner of working, which is affected, also, by the state 
of the weather. 

The grain having thus germinated to the extent required, it is put 
upon the kiln and heat applied by means of a fire, which is regulated 
according to circumstances ; and when the malt has attained the 
requisite state of dryness the process is finished, and the malt is 
thrown off the kiln. In drying /Kz/e malt, it is laid thick upon the 
kiln, and the fire is applied more gradually than for hroum malt, the 
colour to which is imparted by a strong fire towards the end of the 
drying process. And in drying porter malt, it is laid quite thin 
iq>on the kiln, and while one man keeps turning it, another is ap- 
plying a strong wood fire to it, which is called "snapping malt," 
and when it is sufficiently browned, the drying is completed, 

2. Regulations for charging and securing the duty. 

Every person making malt, is required to" make entry of his 
rooms, places, and utensils, 7 & 8 G. 4, c. 52, s. 1, and every cistern 
for steeping more than eight bushels at any one time is to be rec- 
tangular, and of no greater depth than forty inches, with an even 
bottom, and no more inclination for the drip than half an inch in 
each foot ; and to be so placed as to be easily and conveniently 
gauged, 7 &8 G. 4, c. 52, s. 2, 3; II G. 4, c. 17, s. 3; and before 
being used, a certificate of examination must be obtained from the 
Supervisor, 7 & 8 G. 4, c. 52, s. 3; and every couch frame is to be 
rectangular, and permanently constructed, 7 & 8 G. 4, c. 52, s. 5. 
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Every malfster is required to give to the officer, 24 hours' notice 
of the particular hour when he intends to wet grain, 11 G. 4, c. 
] 7, s. 7, and I V. c. 49, s. 2 ; which must not he at any other time 
than hetween 8 a. h. and 2 p. m., 7 & 8 G. 4, c. 52, s. 21 ; and 
having hegun to wet, he must cover the whole of the grain with 
water within three hours after the time for beginning ; and must 
continue the same so covered /or<y hours; except that, on notice, 
he may draw off the water, for not exceeding an hour, once in that 
time ; and fresh grain is not to be added after an account has been 
taken by the officer ; 11 G. 4, c. 17, s. 7, 13, 14; 7 & 8 G. 4, 
c. 52, 8. 26. 

Corn is not to be taken out of the cistern, so that it cannot be 
gauged in the couch-^frame, under a penalty, s. 31 ; but must be 
emptied out between 7 ▲. u., and 4 p. m. s. 27 ; and, not before the 
day on which 96 hours expired from the last preceding emptying, 
8. 30. And when two or more cisterns are used in the same Malt* 
house, they must all be emptied within three three hours after the 
emptying begins, s. 29. 

Com emptied from the cistern is to be put into the couch frame, 
(one such frame being allowed to be used for two or more cisterns 
in the same malt-house,) but not to be laid deeper than thirty 
inches, and to be laid flat and level and kept in the couch-frame 
ticenty'-six hours at least, s. 32 ; and, if the corn shall not be gauged 
within that time, any gauge taken before the end of thirty hours, is 
to be deemed a couch-gauge, and such corn not to be entitled to 
the allowance as a floor-gauge, s. 32 ; 11 G. 4, c. 17, s. 16 

No maltster is to tread or force together any corn in the cistern or 
couch-frame ; and an officer, suspecting it to be so trodden or forced, 
may have it turned out and returned ; and if any increase shall be 
found in the gauged quantity, after being again laid level, in a 
greater proportion than five per cent, within eight hours, or six per 
cent, after that time and within sixteen hours, or seven per cent, 
afterwards, a penalty is incurred, 7 & 8 G. 4, c. 52, s. 34 ; 1 Y. 
c. 49, s. 5. 

After corn has been emptied out of the cistern, it is not to be 
wetted or sprinkled before the end of twelve days, or 288 hours, 
7 & 8 G. 4, c. 52, s. 35 ; unless all the corn on the floor of the malt- 
house, shall have been steeped fifty hours ; in which case a floor 
may, on notice, be sprinkled at the end of six days, or 144 hours, 
1 V. c. 49, s. 7, 
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No maltster is allowed to have at one time more than six floon, 
including the couch-frame and kiln, in operation at the same time* 
and worked in the same cistern or couch-frame ; but floors may be 
divided for working separately, 7 & 8 G. 4, c. 52, s. 36 ; IV. c. 
49, s. 10. And all floors are to be levelled, and laid in succes- 
sion according to seniority of age, 11 G. 4, c. 17, s. 19 ; 7 & 8 
'G. 4, c. 52, s. 27. 

A maltster is not to mix com of different wettings or steepings, 
either on the floor or kiln, s. 38 ; nor to wet or damp com alter 
being taken off the kiln, s^ 39 ; nor fraudulently to conceal malt^ 
or com making into malt, from the sight of the officer, s.. 40 ; nor. 
to remove malt before it has been chaurged with duty ; and no per- 
son is to receive malt knowing the same to have been so removed, 
S.41. 

The following allowances are to be made upon Uie gauges of com. 
or grain, making into malt, viz : Upon every gauge taken in the 
cistern, or couch-frame, an allowance of 18| bushels in every 100 ;. 
and upon every gauge taken on the floor or kiln, after the expira- 
tion of twenty-six hours, if a previous guage has been taken, or 
thirty hours, if no such previous guage has been taken, an allowance 
of one-half;, and the duty is to be charged upon the best gauge after, 
such allowances have been made, 1 V. C..49, s. 9 ; and the officer 
is to make a return of such duty every six weeks, and the same is 
to be paid and cleared off within six days after the return, unless 
the maltster shall have entered into bond with sufficient sureties 
for the due payment of his duties within eighteen weeks after the 
return, 7 & 8 G. 4, c 52,. 7; 11 G. 4, c. 17, s. 26. But maltsters 
for distilling from malt only in Scotland and Ireland, are not 
allowed the long credit whether bond has been given or not, s. 27. 

If any maltster's servant shall, with intent to injure his master, 
commit any offence against the malt acts, he may be arrested, and 
on conviction committed to gaol ; but the maltster is liable to the 
penalty, unless he prosecute and produce a certificate of conviction^ 
7 & 8 G. 4, c. 52, s. 46 ; 11 G. 4, c. 17, s. 35. 

In case of loss or damage of malt by fire, or accident, an allow- 
ance of the duty is, under certain regulations, made to the proprietor, 
7 & 8 G. 4, c. 52, s. 76; 11 G. 4, c. 17, s. 37. 

Maltsters are allowed to dry raw grain on a malt kiln, on giving 
twenty-four hour's notice for the purpose, 1 1 G. 4, c. 17, s. 2^ ; 2 W. 
4, c. 29, 8. 14 ; 1 V. c. 49, s. 2. 
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The duty of the officer is to keep the traderi to a due eompfiaace 
with the law as regards entries, hceaces, notices, declarations, &c. 
He ii also to gauge the cisterns, eouch->frames and kilns, and enter 
the dimensions and areas thereof in the dimension and survey books 
and specimen. 

In residence, maltsters are to ke surreyed onee every day, and 
twice when either best cistern or coach gauges are depending, or 
where fraud is suspected ; and in out-walks of divisions, or in one day 
rides, they are to be surveyed four times a week at least, or nine 
times a fortnight ; and where the circuit is so extensive that it 
cannot be travelled under two daysy thrice every week if possible, 
Or at least, five times a fortnight ; care being taken in regulating 
the intervals between the visits, to fix iii>on the times best adapted 
for obtaining the best gauges and detecting fraudulent practices. 

At each visit the oflicer is expected to examine the " house,'* 
and to enter in his survey book a correct account thereof, shewing 
the actual state of every quantity of com in process of manufacture, 
whether in the cistern or couch, or on the floor or kiln ; and pre- 
serving a distinction between each separate wetting or steeping^ 
so that its history from the moment of wetting to that of its being 
dried off and removed from the kiln, may be readily traced by the 
entries in the survey books. 

As the charge of duty depends upon the officers* gauges, and ae 
the bulk of the corn is continually altering during the malting 
process, it is evident that great care is necessary in taking such 
guages, as well as in s^cting the proper times for making the 
surveyS' A cistern-gauge should be taken at all maltsters in 
residence at or near the time specified for beginniug to weii 
and another, if possible, a short time before the water is drained 
off. In couch, one gauge should be taken as nearly as possible 
after the corn is thrown out of the cistern^ and another as nearly ae 
possible to the end of twenty •^six hours after it is so thrown out* 
On the floor there ritould be as many gauges taken as the businesa 
of the officer will permit, particularly on young-floors. On each 
occasion, before ganging, the com must be made as level as possible ; 
and beside the length and breadth, a sufficient number of depths 
must be taken, to insure a proper average. 

In making his gauges, it is not enough that the officer obtains the 
actual quantity of corn in operation. He ought to make himself sd^ 
thoroughly acq^iainted with the practical process «f malting as to 

£ £ 2 
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be able to diatiog^h the actual state of vegetation or agt of adj 
of the floors. This can only be attained by observation and ezpe-' 
rience; but that it is attainable, is proved by the fact, that many 
and extensive frauds have been brought to light by the judgment 
of the excise officers alone. Should any discrepancy appear 
between the state of the corn as shewn in the survey books, and 
that in the different stages of operation found on survey (which- 
must always be carefully examined,) the supervisor ought to be 
apprized of it, and proper steps immediately taken for following up 
the detection. 

Fraudulent maltsters have resorted to various artifices at different- 
times for effecting their purposes. In some instances the corn has- 
been found trodden or otherwise pressed together in the cistern or 
couch -frame ; in others, part of the corn in steep, and even a whole 
steeping has been clandestinely conveyed from the cistern, and 
either immediately substituted for a floor, or mixed with the depend- 
ing floors, or otherwise placed in sacks promiscuously among sacks 
of dry com, or deposited in some private place, until so far vege> 
tated as to be introduced and mixed with less risk of detection ;, 
fresh corn being in such cases, put into the cistern without notice,, 
in the place of the com removed : and as these frauds are greatly 
facilitated by sprinkling barley intended to be put in steep, and 
malt in process of manufacture, upon the working floor, officers 
are, in various parts of their instructions, directed to be watchful, 
of the conduct of maltsters suspected of any such practices. 

The gauges had of each steeping of corn in the respective stages 
of operation, are to be cast and set forward in the proper columns of 
the survey book, and the bt$t amount according to its relative value,, 
whether arising from the cittern, couch, or Jioor, is to stand as the 
charge. And at the close of e.very round, the respective charges 
on each maltster are, after being reduced to net bushels, added, 
together, and the du^ from the total calculated. 

And as noticing the age at which maltsters put their floors upon, 
the kiln to dry, has been found useful in the detection of fraud,, 
(with reference to run wettings,-) officers are directed to enter an 
account thereof on survey, and to transfer the number of floors,, 
and the total of their ages from book to book until the end of the 
season, when a calculation is made of the average age of the floors 
at each malt-house. Immediately after the 6th of July, the officer, 
is. to. deliver. to the. supervisor a list of the maltsters, the average. 
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age of whose floors at each malt-house for the season exceeds 
•ixteen days, and to add his observations as to the cause thereof. ■ 
From these lists each supervisor makes out a similar one for his 
district, and transmits it to the chief ofBce. 

A bye-maltster is a person who makes only a small quantity of 
malt for his own private use ; has no regular cistern or couch- 
frame, but steeps the corn in a tub, and couches and works it on thd 
floor of some spare room of his dwelling house or barn ; and dries 
it in an oven, having no kihi for the purpose. Such persons are re- 
quired to make entry of their places and utbnsils with the proper 
officer ; but as they frequently reside at a distance from the officer's 
residence, he is not required to survey them so often as established 
maltsters : he therefore, after having secured a cistern and couch- 
gauge on each of their steepings, may, with the permission of his 
supervisor, be allowed to survey them once a week, until the grain 
is dried off; after which, upon any such trader declaring his inten- 
tion to make no more malt for the season, and withdrawing his 
entry, the officer may cease to visit him, except occasionally to 
satisfy himself that he is not making privately. 

Any person who makes malt for sale, (or for his own private use 
in considerable quantities,) is not to be considered a bye-malster. 

Makers of Malt in Scotkind or Ireland from bear or bigg only, are 
fubject to the same regulations, as other maltsters. They are 
also to express in their entry, that they intend to make malt from 
bear or bigg only, 3 G. 4, c. 30, s. 2. And the same premises and 
utensils are not to be entered for making barley malt, s. 6 ; but 
on the contrary, all 5«ar and bigg malt is to be kept separate from 
barley malt until it is put into the mash tun ; s. 2. 

A certificate is to accompany bear or bigg from the grower to 
the maltster, s. 7 ; and when received, it must be kept separate - 
from all other bear or bigg for twenty-four hours, s. 9 ; and must 
not be steeped during that time, or until it has been examined 
hy the officer, s. 10, who is authorized to take samples, s. 11. 

These regulations are extended to /re/anrf as well as Scotland, by 

11 G. 4, c. 31. 

For the regulations under which beer is exported on drawback. 
See 1 W. 4, c. 51 ; and as to private malting in Scotland and Ire- 
land, see 1 & 2 W. 4, c. 55. 

fttilttttW.— See ^iritt.. 
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1. Dutiet.* 



£ •. d. 



2 4r 3 F. c. 23, «. 1. — On every pound weight avoirdu- 
pois of all paper, glazed paper, sheathing-paper, button- - 
paper, or by whatsoever name any paper may be known, 
and on all button-board, mill-board, paste-board, and 
icale-board, made in the United Kingdom, a duty of 1| 

Licences. — 6 G. 4,c. 81, ». 2. — Every maker of Paper, 
Pasteboard, or Scaleboard, in Great Britain or Ireland^ 
[except makers of scaleboard Arom wood, repealed by 
4 and 5 W. 4, c. 77,] the annual sum of - - 4 

Additional.— 3 4f 4 V. c, 17, *. 3. — From 15th May, 
1840. Upon the produce and amount of all the fore- 
going duties, an additional duty of - - £5 per cent, 

2. Allotcaneeg, 

2 4* 3 r. tf. 23, s. 1.— For all such Glazed or other Press 
Papers, made and charged with duty in the United 
Kingdom, for Clothiers and Hot pressers, as shall be 
actually and bondjide used, employed, and consumed 
in the pressing Woollen Cloths and Stuffs in the 
United Kingdom, an allowance per lb. avoirdupois %^ 

For all Paper made and charged with duty in the United 
Kingdom which shall be used in the printing of any 
books in the Latin, Greek, Oriental, or Northern 
Languages within the Universities of Oxford and Cam" 
bridge, or within the Universities of Scotland, or the 
College of the Holy and Undivided Trinity of Queen 
Elizabeth, Dublin, by permission of the Vice Chancel- 
lors, Rectors, or Principals or Provost of the said 
Universities respectively, or which shall be used in 
the printing of Bibles, Testaments, Psalm Books, 
Books of Common Prayer of the Church of England, 
the book commonly called or known in Scotland hy the 
name of " The Confession of Faith," or the larger or 
shorter Catechism of the Church of Scotland, within 



* The Excise duty on paper was first imposed in Great Britain, by 
10 Ann, c. 19. and in Ireland, by 38 G. 3, c. 5. The net receipts arising 
from this duty in 1839, (exclusive of licences), were as foUows : Eiurlanal 
£490,702 ; Scotland^ £113,315 ; Ireland, £ii3A 18. 
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£ t. d. 

the Universities of Oxford and Cambridge, and Trinity 

College, Dublin, by permission of the Vice Chancellors 
or Provost of the same, or by the Queen's Printers in 
England, Scotland, and Ireland respectively, an allow- 
ance per pound avoirdupois - - - 1} 

3. Dratobacki, 

2^3 V,c. 23, *. 1. — For every pound>weight avoirdupoiJi 
of all paper, sheathing paper, button paper, button 
board, mill-board, paste-board, and scale-board, made 
and charged with duty in the United Kingdom, and 
which shall be duly exported as merchandize, a draw- 
back of . - . - - . I{ 

For every pound weight avoirdupois of printed books in 
perfect and complete sets, or if periodical publications, 
.in perfect parts or numbers, and of blank, plain, or 
ruled account books, whether bound or unbound, made 
of or printed or ruled on paper made and charged 
with duty in the United Kingdom, and which shall be 
Be exported- as merchandize,, a drawback. of - • ]§ 

For every dozen square yards of paper made and charged 
with duty, and printed, painted, or stained, in the 
United Kingdom, and exported as merchandize, a 
drawback of - - - « -00 2 

Additional. — 3^ ^4 V. c. 17, s, 3. — Upon any draw- 
back of excise due on goods and commodities, entitled 
to drawback on exportation, and which after Aug. 15, 
1840, shall be so exported an additional drawback of £bper cent* 

4. Process of Manufacture, 
Linen and Cotton rags are the common materials of which the 
finer papers are made ; but hemp, old rope and other substances^ 
as straw, &c., are used for the coarser kinds. These material* 
after being washed, are immersed in water in. the engine, and sub* 
jected to the action of a revolving cylinder, in the surface of which 
are inserted a number of sharp iron plates or cutters, all so placed 
as to act against other cutters fixed in the bottom of the engine 
underneath the cylinder, which is very rapidly turned by machinery, 
usually from the outside by a water-wheel, and the rags, from the 
mation, of the cylinder apd the current occasioned thereby, are 
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repeatedly^ drawn between the iron plates or bars of the engine, and 
are by that means, ground or beaten to a pulp. During the process, 
for the finer papers, a quantity of chloride is mixed with the mate- 
rials for bleaching or whitening them. The pulp is afterwards put 
into a lai^e vessel called a ** stuff chest," from whence it is taken 
as it is wanted into a vat, and mixed with a sufficient quantity of 
water, and kept in a lukewarm state, ready for the mould. 

Paper is made either by hand or by machinery. For the former 
process, moulds of the size of the paper intended to be made, with 
bottoms of brass-wire, something like a sieve, are dipped into the 
▼at, and the pulp in a fluid state, is taken up and gently shaken by 
the workman, so as to leave the pulp when the water is drained off, 
equally spread over the surface of the wire. It is then, gently 
turned upon a woollen cloth called a felt, and thus becomes a 
sheet of paper. On this sheet another felt is laid^ and another 
sheet upon that, and so on, alternately till a heap is raised, called 
a ** post." The whole is then put into a press, and, after the water 
is squeezed out, the sheets are separated from the felts, and laid 
one upon another, and again pressed, and afterwards hung in 
parcels, called "spurs," of three, four or five sheets in each 
parcel, upon lines, called '* trebles" in the drying houses. The 
paper is next counted into quires, and after being pressed, is tied 
up in reams, half reams, or parcels ; and enclosed in the required 
wrappers for being weighed and charged with duty. 

Brown, whited-brown, and other coarse papers, not requiring to 
be sized, are sooner dried and finished. 

When paper is made by machinery, the pulp is discharged or 
run from the vat upon a brass wire web, revolving upon cylinders, 
by wliich the paper can be made of almost any length. As it is 
made^ it is passed between hot iron cylinders to dry, and Wound off 
upon a reel, placed at the lower end of the machine, and 
moving in nice accordance with the machine, as the web of paper 
is formed and moves onward ; and when the reel is sufficiently fall, 
the paper is cut upon it into sheets of the size required. 

Mill-board, (except very thick,) button-board, button-paper, 
glazed-paper, and sheathing-paper, are made after the same manner, 
differing however, in the sheets being made thicker, either by 
repeated dips in the vats, or by laying two or more sheets, one upon 
another, on their being turned out of the mould, and pressing them 
together whilst in a wet state ; and, in putting up, the sheets are 



CHAP. II.] EXCISE DUTIES — PAPER. 328 

not folded, but spread, and severally tied up in parcels of even 
dozens. 

Very thick mill-board is made in a frame with a press to it, the 
pnlp being taken up in a hand-bowl, and spread to the required 
thickness in the frame, when the press is applied to squeeze out the 
water, and the sheet is formed. 

5. ReguleUions for securing the Duty, 

Every maker of paper, &c., is to make entry of his premises and 
utensils, which are to be marked with particular letters, 2 & 3 V. 
c. 23, 8. 3, 4. Every paper-mill is to be distinguished in the Officer's 
books by a particular number, s. 5. Two mills not further apart 
than a mile, when the paper is removed ftora one to the other to be 
finished, may, with the Board's permission, be worked as one mill, 
under one entry, and one licence, s. 6. The Officers of Excise are 
to be at liberty to survey the premises, s. 7. 

The Commissioners of Excise are to provide stamps for denoting 
the charge of duty, s. 8. They are also to issue paper labels, to 
the Supervisors ; and the trader is to be supplied with such labels 
within four days after delivering to the officer, a request note, upon 
which a receipt is to be given for the same ; and such labels are to 
be delivered up at any time to any supervisor or superior officer, s. 9. 

All paper, &c., to be made up into reams, half reams or parcels, 
and to be enclosed in wrappers with a label firmly fixed on the top 
or such other part thereof as the Board shall direct, and then 
secured with a string ; and when tied up, the maker is to mark on 
the label the description and contents of the ream, &c., s. ] 0. A 
ream is to consist of 20 quires of 24 sheets each, or 40 half quires; 
and a half ream of 10 quires or 20 half-quires ; except that for 
printing, the ream may be 516 sheets, and the half ream 258 
sheets; and except the outside quires of any ream which may 
be from 20 to 24 sheets. A parcel of glazed paper, &c., to consist of 
even dozens not less than 24, nor more than 72 sheets in each, s. 1 1. 
But parcels less than a ream of paper not weighing less than 201bs. 
may be made up, if necessary, on the number of sheets being 
marked on the label, s. 12. 

Any Paper-makers before tying up paper, &c., may cut the edges 
and make it up into quires without folding, provided every quire be 
separated by a slip of coloured paper, s. 13. 

The weight of every ream, half-ream, or parcel of paper or 
mill-board, &c., is to be written thereon, s. 14. 
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Twenty- four hours' notice in a town, and forty-eight hours ebe- 
where, to be given of the maker's intention to weigh his paper, 
t. 15. At the time specified in the notice, the proper officer is to 
attend and weigh the paper, and charge and stamp it, s. 16. 

Under certain regulations, paper may be sent out in single sheets 
on the rollers, on which the same may be receiyed from, the 
machine without, cutting or making up, s. 17. 

Paper, &c. after being weighed, to be kept separate for twenty- 
' four hours, unless sooner re weighed, s. 18. If the paper-maker, 
shall desire paper, &c., not to be reweighed on a Sunday, it may 
be kept over until Monday, s. 19. The maker to keep just scales 
and weights, and allow the officer to use them, s. 20. And the 
maker when required, is to bring the paper to be weighed, and 
assist the officer in weighing, s. 21. In weighing for charge of duty, 
the turn of the scale to be given in favour of the Crown, and in 
lieu thereof tico per cent, to be allowed to the traders, s. 22. Paper, 
&c. not charged, to ])e kept separate from charged paper, s. 23. And 
reams, &c. after being tied up not to be opened or altered, s. 24. 

An account of paper, &c. sent out from the mill, to be daily 
entered in a book by the maker, and such book to be open to the 
inspection of the officers, s. 25. Any ream, half ream or parcel, 
sent out without being tied up and labelled, to be forfeited, s. 26. 
Paper found different from the weight marked on the ream, half- 
realm, or parcel, by 5 per cent,, if above 201bs., or by 10 per cent., 
if under to be also forfeited, s. 27. And any maker sending out 
paper, &c., before the duty is charged, to forfeit £300, s. 28. 

Paper may be removed from one mill to another, to be sized and 
finished on notice and certificate, s. 29. And paper charged with 
duty at another mill, or returned from a customer, to be marked, 
returned and notified by the officer, s. 30. 

Makers of ptute^foard not being paper-makers, to use duty charged 
paper only, s. 31 ; and to produce to the officer all paper before 
making use of it, in order to its being taken account of, s. 32. 

Every maker, or his chief workman, to make a declaration 
every six weeks, that no other than duty charged paper has been 
•ent out of the mill, s. 33. And at the end of every six weeks the 
officer is to make a return of the duty charged on every maker, and 
the amount to be paid in six days afterwards, s. 34. 

In making up the charge against a paste'board maker not being 
also a maker of paper, the duty charged on the paper used therein 
is t« be deducted, s. 35. 
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No person to carry on the business of a stationer at any mill, nor 
any maker to be a stationer within a mile of his mill, s. 36. 

Stationers, Printers, Paper' Stainers, and Makers qf Pasteboard, are 
prohibited from receiving paper in less quantities than in an entire 
ream, half-ream or parcel, and inclosed in legal wrappers ; and no 
other person is to remove or receive it from a mill in less quantities 
than as aforesaid, s. 37. Every person on opening paper is to 
write across or otherwise deface the label, s. 38. And labels or 
wrappers which have been used, are not to be returned to, or re- 
ceived back at a mill, s. 39 ; unless the paper be returned for not 
being approved of, s. 40. But any stationer, &c. having paper 
liable to seizure and giving notice thereof to an excise officer, so 
as to cause its seizure, is, on its condemnation, to be paid the value 
thereof, s. 41. 

Any person forging stamps, or counterfeiting labels, &c^ to forfeit 
£500, for every ream, &c. which is forfeited, s. 42 ; and any person 
altering the number of the mill or weight on the label, to forfeit 
£20 per ream, &c., s. 43. 

The regulations for obtaining the allowances and drawbacks 
granted in respect of paper, are contained in the same act, s. 44 
to 64. 

** Paper," except when otherwise expressed, is to include glazed 
paper, sheathing paper, button paper, &c., s. 65, 66. 

it is the duty of officers to see that paper makers, &c., comply 
with the law in respect to their entries, licences, notices, declara- 
tions, labels, weighing, &c. They are required to survey paper- 
makers, &c. in the residence of any station once a day, (Sundays 
excepted) ; those in the country business of any division, or one- 
day ride, four times a week ; and those in the country business of 
a two-day ride, or more, five times a fortnight, at least ; and so 
that there be never above three days' interval between the visits. 
The particulars of all surveys are to be entered in the specimen 
paper kept on the entered premises, as also in the survey book; and 
on every survey, the premises are to be inspected with great cir- 
cumspection and care. 

1. Duties, £ 8. d. 

9 Oeo, 4, r. 47— ^For every licence to any master or com* 
mander ot any packet boat or other vessel employed 
for the carriage and conveyance of passengers from 

F F 
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£ 8. d. 
OM part of the United Kingdom to another, or other 

part thereof, or to any other person heh>nging to any 
■ttch packet boat or vessel who shall be nominated and 
approved of bj the owner or owners, or director or 
directors thereof residing in England, Scotland, or 
Ireland respectively, to provide for and supply, retail, 
and sell to the passengers on board such vessel, to be 
consumed by them in and on board thereof during the 
voyage on which such passengers shall then be carried 
or conveyed, foreign wine, strong beer, cider, perry, 
spirituous liquors, and tobacco - - - 1 

Additionai..*—3 ^4 F. c. 17, «. 1. — From May 15, 
1840, upon the produce and amount of the foregoing 
duty, an additional duty of - - - £5 per cent. 

See C<^te, Tta, Cocoa^Nutt, Chocoiate and Pepper. 

9O8^ii^Ot0$S» 
1. Duties • 

3 ^ 8 TT. 4, e. 120. Sch. A.— For and in respect of 
every horse let Ibr hire by the mile at the usual rate 
charged for horses travelling post at the place at 
which such horse shall be let for hire ; (that is to say,) 
ibr every mile such horse shall be hired or used to 
travel or go - - - - -00 1| 

And for and in respect of every hone let for hire, to 
go no greater distance than eight miles from the 
place of letting ; one fifth part of the sum charged 
for such letting or in lieu tliereof, at the option of the 
person letting the horse - • - - 1 9 

And for and in respect of every horse let for hire, to go 
no greater distance than eight miles from the place of 
letting, where such horse shall not bring back any 
person, and shall not deviate from the usual line of 
road between the place of letting and the place to 
which such horse shall be hired to travel or go - 1 



* The Post HoTse duties were transferred from the stamp oftee to the 
•zeise, by 6 ft 7 W. 4, e. 45. The net revenue arising from these duties 
in 1889. esduaiTe of licences was in England, £205,499, and in Scothuid, 
£18,853. 
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£ f. d. 
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And for snd in respect of erery horse let for hire» 
or used for any period of time less than twenty- 
eight successive days, or in any other manner tlian 
as afore said ... 

And also for and in respect of every horse let tOf 
hire, for twenty-eight successive days, or for any 
longer period of time, where any such horse riiall be 
returned in a less period of time than twenty-eight 
successive days; and shall not be exchanged for 
another horse in continuation of the same hiring. 

Or in lieu of such last-mentioned one-fifth part of such 
sum (at the option of the person letting the horse) the 
following duties for every day such horse shall be let 
for hire or wed, or (shall by virtue of any such 
letting) have been under the direction of the person 
to whom the same shall be hired (that is to say) 

For every day not exceeding three days 

And for every day exceeding three days and not exceed- 
ing thirteen days ..... 

And for every day exceeding thirteen days and less than 
twenty-eight days . . • • 

Composition. — 2 4r 3 FT. 4, c. 120, *. 84.— For all or 
any horses used for drawing every carriage when drawn 
by two horses, per week* - - - 

And for any horse or horses used Ibr drawing every car- 
riage when drawn by one horse, per week ' - 

Licences.— 2 4- 3 IT. 4, c 120, Sch.— For and in 
respect of every licence to be taken out yearly, by 
every person who shall let any horse for hire in Great 
Britain - . . . . 

2. Hegulaticnsfor securing the Duty. 
Postmasters are to have the words '* licenced to lei horte$ for 

hire," painted on a sign board, 2 & 3 W. 4, c. 120, s. 59- Their 

licences are to expire on 31st Jan. annually, s. 55 ; and may be 

acted on by representatives thirty days in case of death, &e., s. 56 ; 

but one licence wiU only serve for one place, s. 58. 

* Sach carriages must be regularly and constantly used for plying for 
hire In the public streets of some city, town or place, ot^er than London, 
and must not go any greater distance than five miles from the Oenend 
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The Commiflrionen^ or their Officers, are to supply Post-masten 
and Toll-Gate Keepers with proper tickets, s. 61 ; and every Post- 
master who shall let any horse for hire, is to deliver a ticket pro- 
perly filled up to the hirer, under a penalty, s. 62. No person to 
pay hire for more miles than is expressed in the ticket, s. 63w 
Persons using hired horses to deliver the tickets at the first toll- 
gate, and to receive check tickets, s. 64. The toll-gate keepers 
are to demand the tickets, and deliver the check tickets ; and la. 9d. 
to be paid to the toll-gate keepers on passing without producing the 
proper ticket, s. 65. Penalty on neglecting to deliver tickets, 
or falsely alleging hired horses to be their own s. 66. The toll- 
gate keepers are to deliver the tickets received by them, to the 
proper Collectors, s. 67, for which they are to receive an allow- 
ance, B. 68. 

The Commissioners may erect gates in certain cases for the 
receipt of tickets, s. 69. 

When horses hired for 28 days or more, are returned within that 
period, the check ticket to be delivered up to the Collector s. 70. 

Postmasters are to account for tickets delivered to them, and to 
pay one shilling per horse for every missing ticket, s. 71. Penalty 
on forging tickets, £50, s. 72. 

The Commissioners are to deliver to licensed Postmasters, forms 
of "Weekly Accounts," s. 73, in which an account of each hiring 
is to be inserted, s. 74. Entries are to be made on the day the 
horses are let, s. 75. The account is to be kept open for inspec- 
tion, s. 76. At the time fixed in the notices for that purpose 
inserted in the " Weekly Accounts," Post-masters are to deliver 
their accounts and pay the duty s. 77, 82. The Postmaster to 
make a declaration to the truth of his account, s. 78. An allow- 
ance to be made to the Postmasters of 3d. in the pound, s. 80. 
Penalty on Postmaster for wilful fraud, s. 81. 
It is the duty of the officers to keep the traders to a due compli'> 
ance with the law, as regards licences, tickets, weekly accounts, 
declarations, &c. In residence, Post-Masters are to be surveyed at 
least, three times a week, and toll-gates once a day ; and in ride 
or country business, (except under certain circumstances}, both 
are to be surveyed the same as growing duty traders. 

Post Office in such city, town or place, and must be numbered, and have 
the owner's christian and surname, and the name of the city, town or 
place, painted or inscribed upon the outside of each door, or upon some 
•onspicuotts part of such carriage, 2 & 3 W. 4, c. 120, s. 84. 
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1. Dutiet* 

£ •. d. 
3 ^ 4 F., c. 49, u 1. — Por every pound weight ayoirdu- 

pois of all hard soap, which shall be made is Ghreat 

Britain, to be paid by the maker thereof, a duty of 1| 

For every pound weight avoirdupois of all hard soap 
which shall be brought from Ireland into Great Britain, 
to be paid by the importer thereof a duty of - - 1 { 

For every pound like weight of all soft soap which shall 
be made in (9reat Britain or which shall be brought 
from Ireland into Great Britain, to be paid by the 
maker or importer thereof respectively, a duty of - 1 

LiCENCBS. — 6 O, 4, e, 81, «. 2.— Every maker of soap 
for sale within Great Britain or Ireland, the annual 
sum of - - - - --400 

Additional. — 3 ^ 4 T. c 17, «. 1. From 15th of 
May, 1840, upon the produce and amount of all the 
foregoing duties an additional duty of - - £5 per cent, 

2. Drawbaekt. 

3 ^ 4 F. c. 49. For every pound weight avoirdupois of 
all hard soap, for which the duty in respect thereof 
riiall have been paid or charged, and which shall be 
duly exported as merchandize from Great Britain 
to foreign parts, or which shall be shipped as stores of 
any vessel entitled to ship stores duty-firee, or which 
shall be removed from Great Britain into Ireland, a 
drawback of - - - - - H 

For every pound weight avoirdupois of all soft soap which 
shall be so exported, shipped or removed, a draw- 
back of 1 

Additional.— -3 ^ 4 K., e. 17, #. 2. From 15th of 
Aug., 1840, upon all the, foregoing drawbacks, an ad« 
ditional drawback of - - • - £5 per cent, 

3. Allowances, 

3 W, 4. e, 16. On all soap used, employed, or consumed 
in Great Britain in the making of any cloths, serges, 

* The duty of Excise was first imposed on Soap by 10 Ann. c. 19. The 
net revenue arising from it in 1839, exclusive of licences, was in England 
£700,660; and in Scotland, £82,384. 

F f2 
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£ I. d. 

kerseys, bays, stockings, or other manufactures of 

sheep or lamb's wool only, or manufactures whereof 
the greatest part of the value of the materials shall be 
wool, or in the finishing of the said manufactures, or 
preparing the wool for the same, or in the whitening 
of new linen in the piece for sale, or in preparing and 
finishing any manufactures from flax or cotton for 
sale, or in the process of throwing, printing, or dyeing 
of silks, one half of the rebpective allowances payable 
on soap used for such purposes, before 1st June, 
1833, viz.: 

on ,• a X* (Hard soap 14 

Silk, hnen, flax, or cotton - - S a e. ^ ^ ^l 

* * * (Soft soap '^^ 



Of 
{ Hard soap If 

^^^^ I Soft soap OJ 

These allowances are by 2 ^ 3 T. c. 33, to continue until the end 
of the Session of Parliament next after May 1841. 

4. Process of Manufaeture* 
Hard Soap, in Great Britain, is made by mixing tallow, or some 
other oily acid, with a solution of caustic soda in an iron pan, and 
boiling the mixture till it is converted into soap. A quantity of 
common salt is then thrown into the pan, which dissolving in the 
water, displaces the soap and causes it to float on the surface. The 
fire is then extinguished, and after an interval of one or more 
days, the liquid soap is put into frames, where it is left till it has 
become cold and solid ; it is then cut into wedges for sale. The 
price of tallow being much higher than that of common rosin, the 
manufacturers are in the habit of substituting a portion of this last 
article instead of tallow. Soap made of soda and tallow only, is 
white soap. If rosin is added, it constitutes yellow soap. Pretty 
generally a portion of palm oil is added to yellow soap, which 
deepens the colour, giving it a tint of red. The soap called 
" mottled^* obtains its marble-like stain by dispersing the lees through 
it towards the end of the operation. 

Most soap makers in Scotland, and many in England employ 
kelp to furnish the requisite quantity of soda, and others employ an 
impure anhydrous carbonate of soda, called soda ash. 

SUica Soap, contains a portion of calcined flints reduced to a fine 
powder ; and «/ay soap contains a portion of white clay made into 
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thin paste with water; the silica or clay, as the case may be, being 
either mixed with other materials in the pan, or mixed, or 
** crutched" in the frames. 

S^ Soap is usually made from fish oil and potash lees ; the lees 
not being drawn off in the operation, but combining with, and 
remaining in the oil. 

5. ReguUoums for securinff the duty. 

Every soap maker is to make entry of his premises and utensils^ 
3 & 4 V. c. 49, s. 3 ; and to mark and number the same, s. 4. The 
excise officers are empowered to enter and survey, s. 5 ; and the 
soap maker, if required, is to provide sheds or watch-boxes for their 
accommodation, s. 6. Every soap maker is also required to provide 
covers for his coppers and half-boil tubs, s. 7 ; and proper fastenings 
for securing the covers of his coppers, tubs and vessels, which are to 
be kept under the officers' lock when not in use, s. 8. Coppers are not 
to have pipes or holes therein, s. 9 ; unless the soap be boiled by 
steam, in which case one continuous pipe may be used. s. 10. 

Six hours notice is to be given for unlocking coppers, between 
6 A. M., and 6 p. h., and twelve hours for unlocking coppers at any 
other time ; which notice is to be void, if not acted on within three 
hours of the time therein ^ecified, s. 11 ; but the officer may open 
and inspect at any time, s. 12. 

Soap, &c. may be removed from one copper, &c. to another, for 
the purpose of repairs, under certain restiictions, s. 13 ; and mate- 
rials may be removed from one copper to another in the officer's 
presence, a proper notice being first given, s. 14 ; and in case of acci- 
dent, the materials may be removed on an immediate notice, s. 15. 

A supervisor or surveyor may diiect a copper to be cleaned out 
for examination after a cleanse, s. 16. 

Covers, fastenings, locks and keys to be altered and repaired, 
when required, at the expence of the soap-maker, s. 17, and penal- 
ties are incurred if access be gained to the coppers when secured, 
or if the fastenings are damaged, s. 1 8. 

Six hour's notice is to be given of cleansing soap, s. 19 ; and 
none to be cleansed between 7. P. u. in summer, or 8 p. m. in winter, 
and 6 in the following morning, s. 20. The frames for cleansing 
soap, (except any in use before the passing of the act), to be made 
of wood, iron, or slate ; and to be of a rectangular shape, 45 inches 
long, and 15 broad, and of proper strength and thickness, s. 21. 
No frame to be made use of until the dimensions have been ascer- 



332 TflE EXCISE officer's manual, [book n. 

tained by Aie officers, and not afterwards to be altered, s. 32. No( 
xniermediate Tessel to be used except paila^ or a pan capable of 
containing an entire frame, s. 23. 

Bard Sotqt to be cleansed to not less tban the depth of 45 inches 
in the frame, s. 24 ; and where the cleanse shall not exceed tiiree 
tons, the whole to be put into the frames in two hours ; not ezeeed- 
iug six tons in three hours ; and exceeding six tons then within 
twenty minutes for each additional ton cleansed, s. 25. When after 
a cleanse, any foul goods shall be left in the copper ; the soap- 
maker is to return aU the fob and skimmings, and add fresh mate- 
rials, s. 26. 

All hard soap to be charged with duty by gauge, s. 27 ; and in 
gauging hard soap from the usual materials, 28 cubic inches, when 
hot, and 27*14, when cold, to be taken as a pound weight avoirdu* 
pois, s. 28. Bat in charging mottled soap one lb. in ten, to be 
allowed, s. 29; provided such mottled soap be made of the usnal 
materials, and cleansed within a given time, s 30. And when soap 
is made in a high pressure boiler, dnd not fitted, 26*76 cubic inches 
when hot, and 25*91 cubic inches when cold, to be a pound avoir- 
dupois, s. 31. When earth or other materiab are used in making 
hard soap 24*04 cubic inches when h<4, and 23*30 cubic inches 
when cold, to be a pound avoirdupois, s. 32. 

The Soap maker is to deliver a declaration, whether the soap to be 
cleansed, is made from ordinary materials, <Mr has had earthy matter 
added to it, s. 33. And officers may take samples of the soap 
when cutting up, on paying for the same ; and if within 48 homrs it 
be found of a greater specific gravity than 1*05, or (if boiled in a 
high pressure boiler and not fitted,) than 1 08 (water being taken 
at unity, at a temperature of 62°,) to be deemed to be mixed 
with earthy matter, s. 34. 

Hard soap, if of the depth of 50 inches or less, to be cut up and 
removed within avt days from a wooden frame, and within foar deys 
from an iron or slate frame. If deeper than fifty inches within 
seven days from a wooden frame, and within five days from an 
iron or slate frame (Sunday's exclusive), s. 35. And after the 
soap has been cut up, the scraps and pariogs to be returned into 
the copper, s. 36. 

Hard soap not to be sold or sent out in any other form than bars 
or parts of bars, s. 37. 

S^ Soap to be cleansed only into barrels, (256 lbs.) half-barrtii, 



J 
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(128 lbs.); firkins (64 lbs.), or half-firkins, (32 lbs.) ; «. 38, 
and at the time of cleansing, the maker is to produce all the 
barrels, firkins, &c. properly tared, s. 39. When a soft-soap 
boiler shall contain less than 2,560 lbs. weight, the whole to be 
cleansed within an hour ; when less than 5,120 lbs. weight, within 
two hours ; and when 5,120 lbs. weight or more, within three hours, 
s. 40. Soft soap to be weighed for the charge of duty within three 
days (Sunday exclusive) after being cleansed, and to be adjusted in 
the barrels, &c., s. 41. A Supervisor or Surveyor may reweigh at any 
time, s. 42 ; and makers of soft soap are to provide scales and 
weights, and assist the officers in using them, s. 43. 

The officers are to make a return of the duty charged on each 
soap-maker weekly, or as the commissioners shall appoint ; which 
duty is to be paid within six days afterwards, under the penalty of 
double duty, s. 44. 

Penalty on mixing water, &c. with soap after being charged, 
I. 45, and for concealing soap and materials, s. 4L6. 

The Commissioners may allow experiments to be made in the 
process of making soap, under certain regulations, s. 47 ; and may 
also allow the use of new or improved utensils, although not mada 
Sn conformity with the act, s. 48. 

Soap-makers are not to work on Sundays, except in cases 
specially provided for, s. 49. 

Officers may break up ground to search for private pipes and con- 
veyances, 8. 50. 

Every person making or melting soap to be deemed a soap* 
maker, except certain perfumers, s. 51. 

Petfumers to make entry with the excise, s. 52. Candle-Makert, 
and tallow-melters are also to make entry, and not to have alkaline 
lees in their possession, s. 53 ; and lees fit for soap-making not to 
be manufactured for sale, s. 54. 

Entry to be made with the excise officers, of soap brought from 
Ireland, s. 55, which must not be in packages less than 224 lbs 
each, s. 56. 

The regulations respecting entering and shipping soap on draw- 
back, are likewise contained in the same act, s. 57 — 68. 

The regulations for allowing the duty on soap used in manufac- 
turing cloths, &c., are contained in 23 G. 3, c. 77; 3 G. 4, c. 25, 
(made perpetual by 7 G. 4, c. 49,) 7 G. 4, c. 53, s. 4, and 3 W. 4, 
c. 16, s. 9. 
The duty of the officer is to keep the traders to a due compliance 
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with the law, u regtrds entries, licences, notices, declarations, &c. 
He is also to gauge the coppers for soft soap, and the frames for 
hard-eoap, and enter the dimensions and are as thereof in the dimen- 
■ion book and snrTey book. 

In residence, soap-makers are to be surveyed at least, once in 
MS honra when at work on the first boil, or when boiling materiala 
for foul goods ; and afterwards officers are not to be xnova than^^ur 
konrs wide in their visits ; and wheathMV n any frame-gnage of 
soap d^endiiig tkriet every day, (except Sundays) ; and when 
silent twice. Out of residence, soap-makers are to be surveyed at 
least, yEoe times a fortnight, and at uncertain intervals, so as not to 
be more than three days between each visit ; care being taken, in 
regulating the intervals between the visit8,to fix upon the times best 
adapted for obtaining the most correct gai^ges^ and detecting frau- 
dulent practices. 

At large establishments, and where a trader works in the night, 
or keeps his soap an unusual time in operation, an assistant ia 
employed, and his duty is to remain on the premises (in conjunc- 
tion with the surveying officer) all the time that any copper is 
open for working. 

The only account taken of hard-soap, is by gai^, duiia^ the 
time it is in the frames. The chief object of the officer's survey 
therefore, is to ascertain thai all the aoap is duly conveyed out of 
the copper into the fhunes, and then to obtain the earliest and 
most correct account of the quantity cleansed. For this purpose 
he is frequently to examine the state of the materials or so^ in the 
copper, or frames ; to compare the same with ikm state of such 
materials or soap as found on former smrveys ; to see that the cop- 
pers are carefully locked and secured with proper labels when not 
open under legnlar notice ; frequently to examine the state of the 
copper covers and fastenings ; always to be present if possible when 
the soap is cleansed out of the copper into the frames ; and imme- 
diately, or as soon afterwards as possible, to gauge the soap in the 
frames ; and to continue to gauge it on every survey afterwards 
until it is entirely cut up and removed; carefully entering an 
account of his surveys and gauges in his survey book. 

With regard to soft so<q>, the officer is required on his first survey 
after a boil, to take a gauge in the copper or boiler, in order to 
compare the quantity then found, with the quantity cleansed and 
produced for charge ; and before cleansing, he is to weigh and tare 
each of the casks, and to mark the tare on iU side. He is to attend 
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at the time the >oap is cleansed from the copper ; and take account 
of the numher of barrels, half-barrels, firkins, and half-firkins filled 
with it ; and enter the same in his survey book, noticing to his 
supervisor any material desparity that may appear. 

1. Duties,* £ J. d. 

England. — 6 O, 4, e. 80. For and upon every 100 

gallons imperial standard gallon measure of spirits of 

the strength of hydrometer proof, as denoted by the 

hydrometer called Sikes's hydrometer, which shall be 

made or distilled in England by any person or persons 

whomsoever the sum of thirty-five pounds, and so in 

proportion for any greater or less degree of strength, 

and for any greater or less quantity, to be paid by the 

first maker or distiller of such spirits (being per gal,) 7 

1 W, 4, c. 49.>— For and upon every gallon of spirits of 
the strength of hydrometer proof, ascertained by the 
hydrometer called Sikes's hydrometer, which shall 
be made or distilled in England by any person or 
persons whomsoever, an additional duty of sixpence, 
and so in proportion, &c. {as above) - . - 6 

3 4r 4 F. r. 17, *. 3. — Upon every gallon of spirits of 
the strength of hydrometer proof, which shall be 
distilled in England, an additional duty of - - 4 

The additional duties were also charged on stock in hand. 

Scotland. — 6 G, 4. c 58. For and upon every 100 
gallons imperial standard gallon measure, and so in 
proportion for any greater or less quantity of spirits of 
the strength of hydrometer proof, and so in proportion 
for any greater or less degree of strength made or 
distilled in any part of Scotland from any wort or wash 
brewed or made from malt, or from corn or grain, 
malted or unmalted, or any mixture thereof, or from 
sugar, or firom potatoes, by any person or persons whom- 
soever, or for which any distiller shall be chargeable, 
141. 3s. 4d, (being per g allon) - - - 2 10 

* The duty on spirits was one of the first, and has always been 
eonsidered one of the most important of the excise duties. See p. 879. 
.The net revenue arising from this duty in 1^6-2, (exclusive of licences) 
was as follow :— England, £2,552.624 ; Scutlaud, £1,487,814 ; Ireland. 
£1,402,040. Formerly there was an excise dut> (»n spirits imported firom 
abroad, but this duty has been transferred to the customs. 
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1 W. 4, c, 49. For and upon every gallon of spirits of 
•uch strength as aforesaid (viz. hydrometer proof) 
which shall be made in Scotland, an additional duty of 2 

For and upon every gallon of spirits of such strength as 
aforesaid, which shall be made or distilled in Scotland, 
a further additional duty of - - - 4 

over and above the said additional duty of twopence, 
and so in proportion for any greater or less degree of 
strength, or any greater or less quantity. 

3 4" 4 r. c. 17, *. 3. Upon every gallon of spirits of the 
strength of hydrometer proof, which shall be distilled 
in Scotland, an additional duty of - - - 4 

The additional duties were also charged on stock 
in hand. 

6 G. 4, c. 80. For and upon every hundred gallons of 
spirits of such strength as aforesaid, which shall have 
been or shall be made and extracted in Scotland, and 
warehoused there without payment of il'Uty, and which 
shall be taken out of the warehouse there for the 
purpose of being brought or imported into England for 
consumption, the sum of thirty»five pounds, and so in 
proportion for any greater or less degree of strength, 
or any greater or less quantity, to be paid by the 
distiller or proprietor thereof at the time of the delivery 
of such spirits from the warehouse in Scotland for the 
purpose of being brought or imported into England 
(being per gallon) - • * * -070 

1 W. 4, c, 49. For and upon every gallon of spirits of 
such strength as aforesaid which shall have been or 
shall be made and extracted in Scotland, and ware- 
housed there without payment of duty, and which shall 
have been or shall be taken out of warehouse there 
for the purpose of beiog removed or imported into 
England for consumption, an additional duty of six- 
pence, and so in proportion, &c. (fluo&Tve.) - - 6 
3 4r 4 F. c. 17, *. 3. Upon every gallon of spirits of 
the strength of hydrometer proof which having been 
distilled in Scotland, shall be in warehouse, and be 
taken out of warehouse for consumption in Scotland 
or removed to England, an additional duty of - 4 
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£ t. d. 

IbbIiAKD.— 4 8f b W. 4, e. 75. For and upon every 
gallon of spuriti of the strength of hydrometer proof 
which shcJl be made or distilled in Ireland, or which 
shall be warehoused in Ireland and taken out for 
consumption • - - - -024 

And so in proportion for any greater or less degree of 
strength, or any greater or less quantity. 

For and upon eyery gallon of spirits of such strength as 
aforesaid, which shall be made or distilled in Ireland, 
and which shall be, or shall have been warehoused 
there free of duty; and which shall be taken out of 
warehouse for removal into Scotland for consumption 3 4 
And so in proportion, &c. {as above). 

For and upon every gallon of the like spirits, which shall 
be taken out of warehouse for removal to England for 
consumption - - • • -076 

And so in proportion, &c. (a« above) 

3 4f 4 r. c. 17, «. 3. Upon every gallon of spirits of 
the strength of hydrometer proof which shall be distilled 
in Ireland, or which having been distilled in Ireland, 
shall be in warehouse, and be taken out of warehouse 
for consumption in Scotland or Ireland, or for removal 
to England an additional duty of • - -004 

[And see allowances.] 

MiXTUEBS, &c.— 6 4r 7 IT. 4, c 72, t. 1, and &A.— 
Ether ; for every gallon thereof removed from Scotland 
to England - - - . . -0 10 5 

From Ireland to England - . . -0 12 11 

From Ireland to Scotland - • • -026 

Sweet spiriu of Nitre; camphorated spirits; lavender 
water, and other perfumes being spirits scented with 
essential oils, flowers or other ingredients ; compound 
spirits of lavender ; spirits of rosemary ; spirits of 
ammonia ; salvolatile ; friar's balsam ; compound tinc- 
ture of Benzoin ; tincture of Assafoitida ; tincture of 
Castor ; tincture of Kino ; tincture of Guiacum ; tinc- 
ture of Myrrh ; tincture of Ginger ; and spirit var- 
nishes ; for every gallon thereof removed from Scot- 
land to England - - . • -063 

6 G 
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From Ireland to England .... 

From Ireland to Scotland .... 
Other tinctures and medicated spirits ; for every gallon 

thereof removed from Scotland to England - 

From Ireland to England - - - 

From Ireland to Scotland .... 
Sweets, or made wines ; for every gallon thereof removed 

from Scotland to England .... 

From Ireland to England .... 
From Ireland to Scotland .... 

Licences. — 6 G. 4, c 81, *. 2.— Every distiller or 
maker of low wines or spirits, within Great Biitain or 
Ireland, the annual sum of ... 

Every rectifier or compounder of spirits 

Every dealer in spirits, not being a retailer thereof 

Every maker of stills in Scotland or Ireland 

Every person in Scotland or Ireland, not being a dis. 

tiller, rectifier, or compounder of spirits, who shall 

keep or use any still for the carrying on the trade of a 

chemist, or any other trade or business requiring the 

use of any still or stills - - - - 10 

Every retailer of spirits (except retailers of spirits in Ire- 
land after mentioned) if the dwelling-house in which 
such retailer shall reside or retail such spirits at the 
time of taking out such licence, shall not, together 
with the offices, courts, yards, and gardens therewith 
occupied, be rated under the authority of any act or 
acts of parliament for granting duties on inhabited 
bouses, at a rent of £10 per annum or upwards, or 
shall not be rented or valued at such ront or annual 
value, or upwards - - - - -220 

If the same shall be rated, rented, or valued as aforesaid 

at £10 per annum or upwards, and under £20 - 4 4 

If at £20 and under £25 . - - - 6 6 

If at £25 and under £30 - - ..770 

If at £30 and under £40 - - - - 8 8 

If at £40 and under £50 - - - - 9 9 

If at £50 per annum or upwards - - -10100 
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£ 8. d. 

Every retailer of spirits in Ireland^ being duly licensed 
to trade in, vend and sell coffee, tea, cocoa-nuts, cho- 
colate, or pepper, and not selling spirits in any greater 
quantity at one time than two quarts, or any spirits to 
be consumed in the house or premises of such retailer, 
if the dwelling-house in which such retailer shall 
reside or retail such spirits as aforesaid at the time 
of taking out such licence, shall not, together with 
the offices, courts, yards, aud gardens therewith 
occupied, be rated under the authority of any act or 
Acts of Parliament for granting duties on inhabited 
houses, at a rent of £25 per annum or upwards, or shall 
not be rented or valued at such rent or annual value, 
or upwards - - - - - -990 

If the same shall be rated, rented, or valued as afore- 
said, at £25 and under £30 - - - 10 10 
If at £30 and under £40 - - - - 11 11 

If at £40 and under £50 - - - - 12 12 

If at £50 and upwards - - - - 13 13 

Additional. — 3 ^ V. c 17, i. 1. — Upon the produce 
and amount of all the aforesaid several duties of ex- 
cise, except spirits made and distilled in the United 
Kingdom, an additional duty of - - - £5 per cait. 

2. AUowances and Dratehacks, 

2 W. 4, e, 29. — ^For and upon every gallon of spirits, 
and so in proportion for any greater or less quantity of 
spirits of the strength of hydrometer proof, and so in 
proportion for any greater or less strength, distilled in 
Scotland or Ireland from malted com only, not being 
mixed with any unmalted corn or grain whatever, after 
the rate of two gallons of such spirits for every bushel 
of barley malt, or one bushel and one -fourth of a 
bushel, aud one-third part of a gallon of malt made 
from Uar or Ugg only, in respect of which spirits any 
distiller in Scotland or Ireland shall be charged with 
duty, during the time that such distiller shall use malt 
only, an allowance of - - - -008 

4 O. 4, e. 94. 6 G. c. 56, and Treasury warrant, dated 
May 11, 1826. If the malt used by any distiller of 
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£ s. d. 
spirits firoia milt onlj be less than after the rate of 
one bushel for eTery two gallons of proof spirits 
charged on the distiller, the abo^ allowance is subject 
to a deduction of 2s. 7d. for every bushel of malt so 
deficient. 

MiXTUua, atc.-*6 if 7 IT. 4, «. 72, 1. 1, & Sch.<— 
Ether; for efeiy gallon thereof removed from Eng- 
land to Scotland • • - • -0 10 5 
From Eiyland to Ireland - - - -0 12 11 
From Scotland to Ireland • • - - 2 6 

Sweet spirits of Nitre ; camphorated spirits ; lavender 
water, and other perfumes^ being spirits scented with 
essential oil^ flowers and other ingredients ; compound 
spirits of lavender ; spirits of rosemary ; spirits of 
ammonia ;|alvolatile ; friars balsam ; componnd tincture 
of Bensoin ; tincture of Assafceiida ; tincture of Castor ; 
tincture of Kino ; tincture of Guiacum ; tincture of 
Myrrh; tincture of Ginger ; and spirit varnishes; for 
every gallon thereof removed from England to • 
Scotland ...... 

From England to Ireland .... 

From Scotland to Ireland .... 

Other tinctures and medicated spirits ; for every gallon 
thereof removed from England to Scotland • 
From England to Ireland .... 
From Scotland to Ireland .... 

Sweets or made wines ; for every gallon thereof removed 
from England to Scotland .... 
From England to Ireland .... 
From Scotland to Ireland - - ... 

Additional. — 3 4r 4 r. c. 17, *. 4.— Upon any allow- 
ance or drawback now due on all goods and commo- 
dities entitled to allowance, on removal thereof to 
Ireland, which shall be so removed, an additional 
allowance or drawback of - - - £5 per cent' 

4. Proceee of DitHUaHon, S^c, 
The process of the distiller comprehends the brewing and fer- 
mentation of wort, and the separation of the spirits therefrom by 
distillation* 
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Malt or grain wort is made by miziog with hot water in the 
mash tun, malt or grain which has been ground or bruised. After 
the ingredients have been pioperly mixed or mashed, the infusion 
is left at rest for some time. The liquor is then drawn off by means 
of a cock or plug at the bottom of the mash-tun into the wort- 
underback. More water is added, and the infusion repeated in a 
similar manner till the malt or grain is exhausted. Sugar wort is 
made by mixing sugar and water in the fermenting back, or mash- 
tun. The wort thus obtained from malt or grain is conveyed to the 
coolers, and when brought to a due temperature, is conveyed into the 
fermenting backs. Yeast, or bub, is afterwards added to induce 
fermentation, which is carried as far as practicable. By the pro- 
cess of fermentation, the saccharine matter contained in the wort 
is gradually converted into spirits ; and the wort is attenuated, or 
rendered more light, in proportion to the decomposition of the 
saccharine matter and its conversion into alcohoL The wort when 
fermented is called " wash". The wash thus prepared is conveyed to 
the wash-chaiger, and thence into the wash-still where it is made 
to boil, and the spirituous parts arising in vapour, are condensed in 
the worm (which is surrounded with cold water,) and flow directly 
from the worm^^nd into the low-wines' receiver. In this state the 
produce is called " low-wines '* or spirits of the first extraction. 
The low-wines are removed from the receiver into the low-wines' 
charger, and thence into the low-wines* still ; and being there boiled, 
and the vapour condensed as above described, the spirits issue from 
the worm -end, and are conveyed to the spirit receiver. The im- 
pure parts called '* feints," are conveyed into the feints* receiver ; 
and are afterwards purified by repeated distillations, either alone or 
mixed with low- wines produced from a subsequent distillation of 
wash. 

Beotyiers and Compounders receive their spirits in a plain state 
from the distiller, and by passing them through their stills which is 
called " rectification," they produce rectified spirits which, if of 
the strength of 43 per cent, over proof, or upwards, are called " spirits 
of wine;" and by adding flavouring articles to spirits of less strength 
which is called " compounding," they produce British brandy and 
British compounds. 

Dealers in spirits are those who sell in quantities not less than two 
gallons. RetaUen are those who sell spirits in a less quantity, and 
which may be consumed on their premises. There is also in Ireland 

G o 2 
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another description of retailers who are licenced as Groeert, and 
who are not allowed to sell in quantities exceeding two quarts, nor 
any q>irits to be consumed on their premises* 

5« IUff%ikUions for teeuring the duty» 

A distiUer in England, not established in 1825, must occupy and 
pay rates for premises in or near a market town, of the annual 
value of £20 at least, 6 G. 4, c. 80, s. 9, 10, 11, and no still can 
be used of less capacity than 400 gallons, s. 10* And a distillery 
cannot be carried on upon the same premises with the business of 
a rectifier, brewer, sweets maker, vinegar maker, cider maker, or 
refiner of sugar, or communicating therewith, or within a quarter of 
a mile of a rectifying house, 6 G. 4, c. 80, s. 36 ; 4 G. 4, c. 94, 
s. 131, 132* In Scotland or Ireland, no still can be used of less con> 
tent than 40 gallons, and no licence granted for a still of less con* 
tent than 500 gallons without a magistrate's certificate, 4 G. 4, 
c* 94, s. 10 ; and the Board may refuse to licence small stills, or 
when there is a rectifier, brewer, &c. in the immediate neighbour- 
hood, s. 13* 

After having obtained a licence, and before making entry, every 

distiller is required to erect the following utensils in prescribed 
foiteis, viz. one wash-charger, one low«>wines receiver, one low- 
wines and feints^charger, one feints*receiver, and one spirit- 
receiver. He may also erect, in addition, one low^wines receiver, 
one low-wines and feintsocharger, and one feintS'-receiver ; and in 
England, (in case the distiller shall be desirous of having the dis- 
charge cock of his low-wines still unsecured,) one spent-lees receiver; 
6 6. 4, c. 80, s. 13, 15 ; 4 G. 4, c* 94, s. 18, 20. Chatgers and 
receivers are required to have dipping-holes made, and dipping-rods 
inserted id. In the breast of stills, holes or openings are to be made 
for the officers to take samples, 6 G. 4, c. 80, s. 17 ; 4 G. 4, c. 94, 
8* 24. The end of every worm is to be enclosed in a safe, unless 
the Treasury shall dispense with the use thereof, 6 G. 4, c. 80, 
s* 18; 4 G. 4, c. 94, s* 26. Proper discharge cocks, pumps, locks 
and fastenings are also to be provided at the expense of the dis- 
tiller, 6 G. 4, c. 80, s* 18, 19, 20, 21 ; 4 G. 4, c. 94, s. 28 $ and 
proper dipping places with metal plates made in the fixed vessels, 
6 G. 4, c. 80, s. 24; 4 G* 4, c. 94, s. 31 ; and the position 4>r size 
of any vessel, is not to be altered without notice, 6 G. 4, c. Wt 
s. 26 ; 4 G. 4, c. 94, s. 39* The officers may order the water to 
ba drawn off from any worm-tub for examination, 6 G. 4, q. 80, 
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8. 28 : 4 O. 4» c. 94, B. 106. And the true content, &e. of caski is 
to be marked thereon, 6 G. 4, c. 80, s. 29 ; 4 G. 4, c. 94, s. 32. 

Eveiy distiller is required to make entrj of his premises and 
utensils, distinguishing them by particular letters and numbers ; 
and is also to distinguish his pipes by particular colours, 6 G. 4, 
c, 80, s. 30, 37 ; 4 G. 4, c. 94, s. 34, 36. And the officers are 
thereupon, empowered to surrey, 6 G. 4, c. 80, s. 39, 43 ; 4 G. 4, 
c. 94, 8. 104. 

A distiller is not allowed to brew or distil on a Sunday, nor to 
brew and distil at the same time, 6 G. 4, c. 80, s. 12, 50; 9 G. 4, 
c. 94, 8. 41, 112. 

Bvery distiller before he begins to prepare worts, or, having dis* 
continued for a longer peviodh tan a month, before he recommences 
is required to give six days' notice, setting forth the materials he in- 
tends to make use of, (which must be grain or malt, sugar, potatoes 
or mangel-wurzel, unmiwed ) ; and the particular gravity of the wort 
be intends to prepare ; which gravity in England must not exceed 
90 degrees, nor be less than 50 ; and in Scotland or Ireland^ must not 
exceed 80 degrees, nor be less than 30 ; 6 G. 4, c. 80, s. 44, 52 ; 
4 G. 4, c. 94, s. 44, 47 ; 2 & 3 W. 4, c. 74. And no wort is to 
be in any distillery in England^ except in the mash-tun, wort* 
underback, coolers or coppers, which exceeds the gravity specified 
in such notice, 6 G. 4, c. 80, s. 52 ; and no wort is to be in any 
distillery in Scotland or Irelandf except in the mash-tun, or wort- 
underback which exceeds the notice gravity by three degrees, 
4 G. 4, c. 94, s. 44. But the gravity may be changed at the end 
of a month on giving six days' notice, 6 G. 4, c. 80, s. 52 ; 4 G. 4, 

C. y^f S. 4fx* 

Before a distiller commences brewing, he is required to give six 
hours' notice ; and then or within six hours^ after the brewing, to 
declare the true quantity and kind of materials used, or to be used, 
6 G. 4, c. 80, s. 51, 52 ; 4 G. 4, c. 94, s. 42, 43. The worts of two or 
more brewings are not allowed to be mixed together, 6 G. 4, 
c. 80, s. 51 ; 4 G. 4, c. 94, s. 43. The worts are to be collected 
in the fermenting-back within eight hours in England, and six 
bcmrs in Scotland or Ireland ; immediately after which a declara- 
tion of the gravity and quantity is to be delivered, and not|)ing 
capable of exciting fermentation is to be added for two hour's after- 
wards, unless the officer shall sooner have taken account of the 
worts, 6 G. 4, c. 80, s. 54 ; 4 G. 4, c. 94, s. 48. In Scotland and 
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TreUmdf the worts are allowed to be cooled in a worts' receWer under 
certain regalations, 4 G. 4, c. 94, s. 46. If bub he used hy aaj 
distiller, six hours' notice in writing is required before making it, 
and the quanticy is restricted to five gallons for every hundred 
gallons of wort. The gravity must not exceed the lawful gravity 
of the wort ; and it must be conveyed into the fermenting-back 
within 24 hours after the time specified in the notice, 6 G. 4, c. 80, 
8. 57 ; 4 G. 4, c. 94, s. 50. 

Before a distiller commences distilling, he is required to give a 
declaration, specifying that the whole of the worts and wash in his 
distillery are collected in the fermenting backs ; and the officer is 
required at any time not less than twelve hours after receiving 
such declaration, to remove the fastenings of the stills, 6 G. 4, c. 80, 
8. 58,59; 4 G. 4, c. 94, s. 51. 

Eight hours* notice is required previously to the removal of wash 
from the fermenting-back to the wash-charger ; and on the officer's 
attendance and removal of the fastenings, and securing the charging 
cock of the wash-still, the wash is to be conveyed into the wash- 
charger, 6 G. 4, c. 80, s. 59 ; 4 G. 4, c. 94, s. 52. In England the 
discharge cock is' allowed to be opened only once in iix hours on 
a reasonable notice, except where a spent lees' receiver is fixed, 
when no discharge cock is required, 6 G. 4, c. 80, s. 19 ; but in 
Scotland or Ireland^ it is left unsecured, except by a valve. 

The low-wines produced from the distillation of the wash con- 
tained in each fermenting-back, are required to be collected in the 
low-wines' receivers, from which they are not allowed to be 
removed without /our hours' notice, 6 G.4, c. 80, s. 59, 64; 4 G. 4, 
c. 94, 8. 54. 

The spirits and feints produced from the distillation of low-wines, 
are collected in receivers, from which after the officer has taken 
account of them, they can be removed on/our hours' notice, 6 G. 4, 
c. 80, s. 64, 65 ; 4 G. 4, c. 94, d. 54, 55. 

There are three modes of charge for the duty, by 6 G. 4, c. 80, 
8. 66—74; 4 G. 4, c. 94, s. 56—59, viz :— 

1st. — One gallon of proof spirits per 100 gallons of wash for 
every Jive degrees of the gravity attenuated, that is, the difference 
between the gravity of the wort previous to, and after fermentation. 

2nd. — From the quantity of proof spirits contained in the low- 
wines ; tuM per cent, being allowed in England, and^ve in Scotland 
and Ireland, for waste arising from the distillation of the low-wines 
into spirits and feints. 
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3rd.— From the quantity of proof apirit contained ii| the spirits 
and feints produced from the distillation of the low*wines. 

The distiller is charged with duty on the greatest quantity 
arising from any one of those modes of charge. 

Besides those three modes of chai|^e, an account is kept of the 
quantity and gravity of the wort prepared by every distiller during 
the continuance of his licence, and of the quantity of spirits upon 
which he has been charged with duty ; and if, at the expiration of 
his licence, he shall not have been charged with duty on a quantity 
of spirits, in the proportion of one gallon of proof spirit per cent, of 
wash, for every five degrees of the origmal gravity of such wort if 
prepared from grain, potatoes, or mangel-wurzel, or for every four 
degrees if prepared from sugar, he is chargeable with the quan- 
tity deficient, exclusive of undue excesses,-- namely, excesses arising 
on any distillation of wash above the produce of one gallon and a 
fifth of spirits per cent, of wash for every five degrees of gravity, 
6 G. 4, c. 80, 8. 66, 71 ; 4 G. 4, c. 94, s. 60. 

The officer in to make a return of the duty, and such duty is to 
be paid as the Commissioners shall direct. In England the returns 
are made at the end of each week for each distilling period finished ; 
and the duty is paid within fourteen days afterwards. In Scotland 
and Ireland, the returns are made within six days after each distil- 
ling period, and the duty is paid within six days afterwards, 6 G. 4» 
c. 80, 8. 72, 73; 4 G. 4, c. 94, s. 62, In England also, the dis- 
tiller is required to make entry of the wash distilled, and spirits 
made and the malt used in each period, 6 G. 4, c. 90, s. 73. 

Any ofiicer of the rank of Supervisor, may distil into low-wines 
all the wash contained in any fermenting-back ; or take a sample of 
wash, not exceeding ttoenty gallons, and distil it into low-^nrines in a 
still provided by the Commissioners of Excise ; and if the proof 
spirits contained in any such low-wines, shall exceed the propor- 
tion of one gallon and a quarter per cent, of wash for every five 
degrees of gravity attenuated, the distiller incurs a penalty, 
6 G. 4, c. 80, 8. 60, 61, 62 ; 4 G. 4, c. 94, s. 123, 124, and 125. 

No spirits are to be sent out of a distiller's stock, expect such 
as shall be distilled in his distillery, 6 G. 4, c. 80, s. 75 ; nor of 
any other strength than 25 or 1 J per cent, over proof, or 10 per 
cent, below proof; nor in any less quantity than 80 gallons in Eng- 
land, or 9 gallons in Scotland or Ireland ; nor without being accom- 
panied with a permit, 6 G. 4, c. 80, s. 81 ; 4 G. 4, c. 94, s. 120. 
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And an account of Buch stock is to be kept by the officer, and any 
undue increase or decrease, incurs a penalty, 6 G. 4, c. 80, s, 79 ; 
4G. 4,c.94,s. 65. 

In England, spirits may be warehoused free of duty for exportation 
to foreign parts, or removal to Scotland or Ireland, under such 
regulations as the Board shall approve, proper notice being given 
to the officer, who is to attend the removal, and keep an account 
thereof in the warehouse, 6 G. 4, c. 80, s. 82, 90. 

In Scotland and Ireland, distillers are allowed to warehouse spirits 
without payment of duty, for home consumption as well as for ex- 
portation to foreign parts, and for removal to any part of the United 
Kingdopi. But in either case, the officer in charge of the distillery 
cannot give credit in his charge on the distiller, for spirits ware- 
housed, until the receipt of the warehouse-keeper for the same is 
delivered to him, 4 G. 4, c. 94, s. 66—71 ; 7 G. 4, c. 49, s. 7 ; and 
6 & 7 W. 4, c. 72, s. 10. No spirits can be removed from one 
part of the United Kingdom to another, except directly from the 
warehouse ; and on their arrival, they are subject to the same regu- 
lations as spirits made in the part of the country to which they are 
removed. The duties on deficiencies of spirits warehoused, are 
chai^eable at the same rate as spirits in that part of the country 
where they are warehoused, 6 G. 4, c. 80, s. 88, 89, 91, 92; and 
4 & 5 W. 4, c. 75, s. 4 & 5. On delivery of spirits Irom the ware- 
house in England for removal to Scotland or Ireland^ the English 
duty thereon is required to be paid ; and on the production of a cer- 
tificate from the proper officer, of the landing of the spirits in the 
country to which so removed, the difference between the amount 
of the English duty and the amount of the Scotch or Irish duty (as 
the case may be) is, under the directions of the Commissioners of 
Excise, to be repaid on the quantity landed, 6 G. 4, c. 80, s. 93, 97. 

On the delivery of spirits from the warehouse in Scotland or /re- 
land for removal to England, the full English duty is to be paid, or 
so much thereof as shall be equal to the amount of duty payable on 
such spirits when delivered for home consumption in Scotland or 
Ireland, and a bond given for payment of the residue within two 
months from the date of the bond, or twerUy-one days after the 
arrival of the spirits in England, 6 G. 4, c. 80, s. 93, 94. 

Spirits cannot be warehoused of any other strength than twenty ^ 

Jive, or eleven per cent, over proof, nor in casks of less content than 

twenty gallons, nor can they be removed by sea in vessels of less 
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burthen than fifty tons^ 6 G. 4, c. 80, s. 82, 96 ; 4 G. 4, c. 94, 
8. 66; aiid 6 & 7 W. 4, c. 72, s. 10. 

Itectifiert are to make entry of their premises and utensils, 6 G. 4, 
c. 80, s. 20; which are to be open to the inspection of the officers, 
8. 107 ; and no person is deemed to be a rectifier who shall not have 
at least one still of 120 gallons content, exclusive of the head, s. 103. 
The business of a rectifier cannot be carried on within a quarter of 
a mile of a distillery, nor upon the same premises or communica- 
ting with those of a brewer, sweets, vinegar, cider or perry maker, 
or sugar-refiner, or dealer in or retailer of spirits, s. 35, 36. A 
rectifier is not to have in his custody any wash, or other fermented 
liquor capable of being distilled into spirits, s. 102 ; and not to use 
any still on a Sunday, s. 12 ; and he is required to provide proper 
fastenings to his stills, 6 G. 4, c. 80, s. 22, 1 04 ; and the necessary 
means for enabling the officer to take samples ; and to assist him 
when necessary, with ladders and lights, s. 42. 

A rectifier must charge his still with liquor, before commencing 
to work, in the proportion of not less than seven-tenth parts of the 
content of the still including the head, and work off the same within 
sixteen hours, 6 G. 4, c. 80, 8. 105. Twelve hours notice of work- 
ing any still is to be given to the officer who is to attend and open 
the furnace door, and fasten down the head of the still if moveable, 
or if fixed, to secure the charging pipe leading thereto, 3 G. 4, 
c. 52, s. 73, & 74. 

On receiving spirits into stock, notice is to be given and the permit, 
delivered to the officer, and bulk is not to be broken until the 
officer shall have taken account thereof or within ftro hours after 
giving the notice, s. 111. 

Rectifiers are not to receive or send out spirits without permit 
nor to send out a less quantity at one time and to one person 
than two gallons in bulk; and, (in order to preserve a distinction 
between compounded spirits, Foreign, and Colonial spirits, and plain 
British spirits,) compounded spirits, not being spirits of wine, are not 
allowed to be sent into consumption at a strength exceeding 17 per 
cent, under proof; and other spirits are not allowed to be sold or 
sent out to any retailer of spirits 6 G. 4, c. 80, s. 113 ; and 6 & 7 
W. 4, c. 72, s. 13. As the hydrometer will not indicate the strength 
of sweetened spirits, the rectifier is required to mark the true 
quantity and strength on the casks containing the same, 6 G. 4, 
c. 80, 8. 112. If, on balancing the stock account, any undue 
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inereaae appears, it is forfeited, and a penalty is ineurred ; and if a 
decrease beyond the quantities sent out by permit and exceeding 
fioe ptr cent, a penalty is also incurred; which, however, in 
practice is not sued for, unless such decrease shall be greater than 
four gallons in any one kind of spirits over the quantity permitted 
since the stock was last taken ; s. 109, 117. 

DeaUrt and SstaUers are required to make entry of their premkes, 
6 G. 4, c. 80, s. 30. Retailers must be authorized by magistrates' 
certificate to keep a public-house, before they can obtain an e»;ise 
licence, which authorizes them to sell foreign and colonial, as well 
as home-made spirits, 6 G. 4, c. 81, s. 2; (and see as to England, 
9 G. 4,c. 61 ; Scotland, 9 G. 4, c. 58.) Dealers receiving any 
quantity of spirits, and retailers receiving spirits in a less quantity 
than 80 gallons, are required to give notice to the officer, and 
deliver the permit ; and not to break bulk until the officer shall 
have taken an account, or within two hours after notice given, 
6 G. 4, c. 80, s. 111. No spirits ^e allowed to be brought into an 
entered stock without a permit; and all spirits exceeding the quan- 
tity of one gallon found removing without permit, are subject to 
forfeiture, s. 115, 116, 117. No retailer is allowed to take out a 
permit for the removal of spirits, except to private persons, unless 
he takes out a dealer's licence in addition to his retail licence, 
s. 129. Spirits of wine in the stocks of dealers and retailers, are 
required to be kept in separate rooms from other spirits; and 
Foreign and Colonial, and British spirits in the stock of dealers 
are required to be kept in separate rooms, s. 114, 126. Retailers 
are not allowed to be concerned in the distillation, rectification or 
compounding of spirits, s. 128. Foreign or Colonial and British 
spirits are not to be mixed in the same vessel, s. 126. Foreign or 
Colonial spirits, and plain British spirits are not to be kept in any 
retailer's stock of a strength less than 17 per cent, under proof, nor 
any British compounds (except shrub) above that strength, 6 G. 4, 
c. 80, s. 124. But dealers not beiog retailers, may receive, 
keep, and send out to any other dealer in spirits, or to any person 
not being a retailer, any Foreign or Colonial spirits of any strength, 
subject to the usual regulations, 6 & 7 W. 4, c. 72, s. 14. 

Credit is g^ven in stock for the quantity of liquor necessary to 
reduce Foreign or Colonial spirits to any strength, not less than 
17 per cent, under proof, provided it be done on notice, and in the 
presence of the officer, 6 G. 4, c. 80, s. 126. 
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If any decrease be found in a dealer's stock greater than 5 /«r 
eent., a penalty is incurred. But see Boards $ Order of March 25, 1826« 

In surveying distillers, the duty of the officer is to examine the 
piremises and utensils ; and also to gauge and secure such of the uten- 
sils as require it ; and to attend the various notices, and see that the 
processes are carried on according to such notices, and the require- 
ments of the law ; and where any utensil is under the revenue 
fastenings, the officer is strictly prohibited from allowing them to 
be open when he is not present, or the keys to be out of his posses- 
sion at any time. During the brewing period, the officer's attention is 
particularly directed to the quantity and gravity of the wash ; in 
order to obtain which, and to prevent the introduction of strong worts 
pr other frauds, he is required to take an account of the quantity 
and gravity of the wort or wash in each fermeuting-back once, at 
least, during his course of eight hours. He is also to take an account 
of the bub or fermenting composition, and when practicable, attend 
at the time it is added to the wort. During the process of fermenta- 
tion the attention of the officer is chiefly directed to obtaining 
eorrect accounts of the quantities and gravities of the wash ; and 
during that of the distillation, of the low-wines produced therefrom, 
and of the spirits and feints produced from the low-wines ; and for 
the prevention of frauds by the private removal of spirits during 
the process. 

The stocks of Rect^iers are to be taken account of, at least, once 
in forty-two days ; when the quantity on hand is to be very carefully 
ascertained, and the actual strength whenever practicable, and 
balanced with the quantity found opt taking the preceding account. 

The stocks of Dealers are to be taken at least, once in twentyr 
eight days, and again once in each quarter within seven days after 
^king such account. 

For the detection of private stills, the officers are empowered 
to obtain aud execute search warrants ; and in the detection, if 
any person is found at werk, they have a power of immediate arrest 
^d conviction, 6 G. 4, c. 80, s. 39, &c. In Scotland and Ireland, 
the officers are empowered to search without warrant ; and there 
are other special provisions for putting down private distillation, aee 

I & 2 W. 4, c. 55. 

As to the allowance in respect of the malt duty on spirits made 
in Scotland and Ireland from malt only, see 7 ft 8 G. 4, e. 52 ; 

II G. 4, c. 17, and see Malt. 

H H 
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Sugar. 

1. DiKtVt. 



\ The lame 

o % 4 F, e. 57, «. 1. — On every Hundred weight and 1 amount of 

fo in proportion, for any greater or lesa quantity of f ^r la^paj- 

aU sugar manufactured in the United Kingdom from j '"^^f"" 

whatever materials made - . . l SomBeet 

y Root 

And lee p, 296. 

1. Duties.^ £ s. 4, 

LiCEMCES.— 6 G, 4, c, 81, t. 2.— Every retailer of 

sweets or made wines, or of mead or metheglin - 1 1 
Additional.— 3 Sf 4 V, c, 17, #. 1.— On the produce 

and amount of the above duty, an additional duty of £5 per cent. 

2. Excise Regulationi. 

No sweets can be retailed to be consumed on the premises with- 
out a magistrate's authority, 6 G. 4, c. 81, s. 14; 4 & 5 W. 4, 
c. B5, 8. 16 ; and see as to England, 9 G. 4, c. 61 ; Scotlandj 
9 Q. 4, c. 58. 

C«L— -See Chffee, Sfc. 

Colbocco anlr Jbnuff. 

1. Dutiet,\ £ f. d ' 

LiCBUCEt. — 6 G. 4, c. 81, t, 2.— Every manufacturer 
of tobacco or snuff, if the tobacco and snuff-work 
weighed by such person for manufacture within the 
year ending the fifth day of July previous to taking 
out such licence, shall not have exceeded 20,000 lbs. 
weight - - - - - -500 

If the same shall exceed 20,000 lbs., and shall not ex- 
ceed 40,000 lbs. weight - - - - 10 

If the same shall exceed 40,000 lbs., and shall not ex- 
ceed 60,000 lbs. weight - - - 15 



• Formerly there was an excise duty on sweets, but this dn^ (except 
the licence duty on retailers) was repealed by 4 & 5 W. 4, e. 77. There 
are counterrailing duties and drawbacKs on the removal of sweets from 
•ue part of the United Kingdom to another, for which, see p. 337, 340. 

t FormerlT there was an excise duty on the importation of tobaece, bat 
it was transterred to the Customs in 18S5. 
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£ s. d. 

If the same shall exceed 60,000 lbs., and shall not ex- 
ceed 80,000 lbs. weight - - - - 20 
If the same shall exceed 80,000 lbs., and shall not ex. 

ceed 100,000 lbs. weight - - - - 25 

If the same shall exceed 100,000 lbs. weight - - 30 
Every person who shall first become a manufacturer of 
tobacco or snufP, on taking out such licence as afore- 
said for that purpose, shall pay the sum of five pounds, 
and shall, within ten days after the fifth day of July 
next after taking out such licence, pay such further 
sum as with the said sum of five pounds, shall amount 
to the duty hereiu-before mentioned according to the 
quantity of tobacco and snuff-work weighed for manu- 
facture within the preceding year or period fbr which 
such licence was granted - - • - 5 

Every dealer in or seller of tobacco or snuff - - 5 

Additional.— 3 ^ 4 F. c. 17, ». 1.— From May 15, 
1840, upon the produce and amount of the foregoing 
duties, an additional duty of . . . • £5 per cent, 

2. Excise Regulations. 
Manufacturers, dealers, and retailers of tobacco and snuff, are to 
enter their premises, 3 & 4 V. c. 18, s. 2 ; and officers are empow- 
ered to survey, s. 3. 

Leaf or unmanufactured tobacco is not to be received into a 
manufacturer's stock, but from the warehouse, and accompanied by 
a permit, s. 4 ; which is to be delivered up on the next visit of the 
officer, s. 5. No leaf or unmanufactured tobacco to be removed 
without a permit, s. 6. Tobacco stalks, and returns not to be 
removed in any quantity less than 50 lbs. weight, nor without a cer- 
tificate, s. 7. 

A book is to be delivered to manufacturers, who are to enter 
therein all tobacco received, with the name of the person from 
whom received ; which book is to be open to inspection, s. 8 ; and 
the licence duty on the manufacturer, to be rated on the quantities 
received in the year previous, s. 9 ; the book being produced on 
applying for the licence tmd declaration made of the truth of the 
entries therein, s. 10. 

No person to cut colour or manufacture leaves of trees, &c., to 
imitate tobacco, s. 11 ; nor to hawk about tobacco or snuff for 
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■ale, I. I). No drawback is allowed on cut, roll, or carrot tobacco, 
containing stalks, s. 13; nor on tobacco not properly manufactmvd, 
or containing unlawful ingredients, s. 14; and a penalty is incnnred 
on fraudulently attempting to obtain drawback, s. 15. 

1. Duties* £ s. d. 

6 O. 4, «. 37.— For and upon every one hnndred gal- 
lons, imperial standard gallon measure, of vic^ar or 
acetous acid, or liquors prepared or preparing for 
vinegar or acetous acid, brewed or made in any part 
of tbe United Kingdom of Great Britain and Ireland 
for sale, to be paid by tbe maker thereof, and bo in 
proportion for any greater or less quantity (being per 
gallon 2d.) - • < - - -0 16 8 

LiCBNCBS. — 6 G. 4, e, SI, s. 2.— Every maker of vine- 
gar or acetous acid for sale, the annual sum of - 5 

Additional.— 3 Sf 4 V. c, 17, «. 1.— From May 15, 

]840> upon the produce and amount of tho feregoii^ 

duties, an additional duty of - • - £5 /«r ttnt, 

2. Process of Manufaeture, 
Vinegar or acetous acid, for commercial purposes, is frequently 

Bftde in Great Britain from malt, in the manner in which ale is 
brewed, except boiliug with hops ; at other times it is nuide with 
sugar, molasses or other materials, separately, or mixed with water ; 
and, to sour it, sometimes the casks are laid in the sun with the 
bungs open during summer, and in winter in stoves used for the 
same purpose. In most cases, rapes are used (i. e.) vats partly 
filled with raisins which have been previously used in the manufac- 
ture of home-made wines or sweets, to fine the vinegar when per- 
fectly made. Distillation, which is occasionally had recourse to, 
does not strengthen vinegar, but frees it from mucilage and other 
impurities* 

A crude vinegar has long been obtained from wood, for the use of 
calico printers, called pyroligneous acid, which when first condensed, 
consists of a mixture of tar and acid. The tar is partly deposited 
by its own weight, but to precipitate it effectually, it is either re- 
distilled or mixed with lime or other ingredients. It is then satu- 
rated with lime or soda. 

* Vinegar-beer was one of the artteles on wbieb a duty was imposed by 

tte original act ^f 12 Car. 2, o. 24. The net revenue ariaiAS from Q»jm dnfcf 

ia 1887, was as follows :— England, £24,847; Scotland, £120 ; Ireli^ llil 
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3. Regulations for securing the duty. 
Every yinegar maker is required to make entry of his premises, 
specifyiog the materials he intends to use, 26 G. 3, c. 73, s. 56; 
35 6. 3, c. 89 ; and such premises must not he within 300 yards 
of a pyroligneous acid, white lead, sugar of lead, verdigris, iron- 
liquor, or acetate of lime, soda, or acetate of alumine maker 
58 G. 3, c. 65, s. 15. 

All liquor made into or capahle of heing used as vinegar or acetous 
acid for sale, is to be deemed vinegar, 10 & II W. 4, c. 21, s. 11 » 
58 G. 3, c. 65, s. 6, 24 ; 8 A. c. 7, s. 4 ; except vinegar made and 
iised in making white lead, s. 5 ; and pyroligneous acid in its crude 
state, or white lead, sugar of lead, verdigris, iron liquor, acetate of 
lime, soda or alumine, or vinegar made and used in making the 
aforesaid compounds, 58 G. 3, c. 65, s. 6. 

The officers are allowed to enter survey and gauge, leaving a 
copy of their charges with the maker, 7 & 8 W. 4, c. 30, s. 17, 
25, 26 ; 58 G. 3, c. 65, s. 10 ; and the officers may try the strength 
of vinegar, with such acetometer as the Board may direct, s. 8, 
and may take samples on certain conditions, s. 9. 

Vinegar makers are not to receive materials, nor send out vinegar 
without notice, or at improper hours, 10 & 1 1 W. 3, c. 21, s. 12 ; 
7 & 8 W. 3, c. 30, s. 18; 10 & 11 W. 3, c. 21, s. 13; 58 G. 3, 
c. 65, s. II ; and no person, not being an entered maker, to send 
out vinegar or materials, except to an entered vinegar-maker 
under permit, s. 12; and vinegar removed from the manu- 
facture to be accompanied with permit, s. 21 . Penalty for con- 
cealing vinegar or materials, s. 25 ; or for using a still for any un- 
lawful purpose, 8. 13, or for an unlawful excess in stock, s. 23. 
Vinegar may be diluted after it has been charged, on notice, and 
in the presence of the officer, s. 14. 

PyroUgneoui acid for sale, is to be rectified only from pyrolignite 
or acetate of lime or soda, 58 G. 3, c. 65, s. 15 ; and vinegar makers 
being rectifiers of acetous acid, are required to provide proper 
warehouses for depositing the concrete acetates under the care of 
the officers, s. 16 ; and the materials are to be weighed and deli- 
vered out on notice, s. 17, 18 ; and kept in a tared vessel until 
taken account of, s. 19 ; and any unlawful deficiency is to be charged 
with duty, s. 20. 

It is the duty of the officers to keep the traders to a compliance 
with the legal regulations respecting entries, notices, &c. They 
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•re to gauge the uteDolg used by vmegar makers ; and, from time 
to time, take an account of the vinegar, materials and prepara- 
tion! in stock and process of manufacture. A manufacturer's stock 
is to be taken once a day, (Sundays excepted) unlese there be a 
special order to tbe contrary ; and the officer is to attend if possible 
wben notice is given for diluting, and for unlockiug tbe stills, fte. 
Wben tbe stills are not at work, they are to be carefidly secured. 

In surveying pyroligneoos acid makers^ tbe great olyect ie to 
ascertain tbat no vinegar for sale is made or introduced. 

1. Dutm* £ s. d. 

6 0. 4, e. 81, t. 2. — Every dealer in foreign wine, wbo 
•ball not bave en excise licence for letmling qnrits^ 
and a licence for retailing beer, tbe annual sum of - 10 
Bvery retailer of foreign wine, wbo sball bave taken ont 
a licence for retailing beer, to be drank or consumed 
on bis, her, on tbeir premises, but sball net bave taken 
out an excise licence for retailing spirits to be so 
drunk or consumed - . • - 4 4 

Bvery retailer of foreign wine, wbo shall liave taken out 
excise licences for retailing beer and q>irits, respec- 
tively to be 60 drank or consumed - - - 2 2 
Additigmjo..— 3 Sf 4 V, e, 17, ». 1. — From May 15, 
1840, upon the produce and amount of tbe foregoing 
duties, an additional duty of ... £5jMrsdM. 

2. Exeiie Regulatioiu. 
Every dealer in and seller of foreign wine, is to make entry of 
bis premises^ which are to be open to the inspection of the officei% 
26 G. 3, c. 59, s. 12, 13. See also 9 6. 4» c. 44, s. 1, 4^ and 
Board's orders. No licence for selling wine to be coosimed on tbe 
premises, can be granted without a magistrate's authority, 6 Q. 4^ 
0. 81 ; 4 & 5 W. 4»c. 85,s. 16 ; and see as to England, 9 0. 4e.61f 
and as to Scotland, 9 G. 4, c. 58. 

a Formerly there was an excise daty on the importation of wine, bat it 
has been traosfered to the customs. 
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mash tun to gauge, 196. 

BRIBERY, 251. 

BRICKS, 297. 

duties, 297. 

drawbacks, 297. 

process of manufacture, 298. 

regulations for charging the duty, 298. 

BUNG ROD, 229. 

BUSHELS, 

dimensions of, 29, 54. 

table for converting inches into, 55, 

CALLIPERS, 

gauging by, 224. 

CASKS, 

definition of, 218. 

gauging, by the diagonal rod, 218, 219. 

varieties of, 220. 

usual forms and dimensions of, 246. 

table of regular spheroidal, 220. 

to find the content by a middle diameter, 222. 

to find a middle diameter, 223. 

to take the dimensions, 224. 

to find the head diameter, 225. 

to find the bung diameter, 226. 

to find the length, 228. 

to find the wet inches, 229. 

to cast the content with the head rod, 230. 
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CASKS, continued. 

to find the content with the line X, 231. 

to find the content with the sliding rule, 232, 233. 

fo find the content by the pen, 234^ — ^236. 

to find the content by the table of head and bung diametert 

and differences, 235, 244, 245. 
to cast the ullage of a lying cask, 181, 287, 288. 
to cast the ullage of a standing cask, 181, 238, 289. 
to inch a cask, 239. 

CHIEF OFFICE OF EXCISE, limiU of, 274. 

CIDER, 

licences for, 295. 

•CIRCLES, 

theorems, 85. 
problems, 86. 
^ to find the area, 89, 90, 106. 

table for finding the areas of, 155. 

to find a divisor for, 91. 

to find a factor tor, 91. 

divisors factors, and gauge poiAta for, 57, 178, 805. 

CIRCULAR AREAS, 

table of, for gallons, 155 — 160. 
application of, 91, 99, 120, 127, 185. 

CIRCULAR RINGS, 94. 

CIRCULAR SEGMENTS, 92. 
table of areas of, 153, 154. 

CIRCULAR SPINDLE, 144. 

COFFEE, COCOA-NUTS, AND CHOCOLATE, 

licence duties, 299. 
excise regulations, 299. 

COINS, 

table of the value and weight of, 48. 

COLLECTORS, 247, 253. 
COLLECTIONS, schemes of, 256. 
COMMISSION, 

rule for calculating, 47. 

COMMISSIONERS, 
board of, 247. 

COMPOUND, 

addition, 33. 
subtraction, 34. 
multiplication, 35. 
division, 36. 
proportion, 37. 

CONIC SECTIONS, 95. 

CONOIDS, 140. 
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CONICAL UNGULAS, 125. 
CONES. 

theorems, 128. 

to find the content, 126. 

frustum of, 124, 129, 220, 230—235. 
COOLER, to gauge, 197. 
COPPER, 

with a rising crown, to gauge, 204. 

with a fidling crown, to gauge, 206. 
COUCH BUSHELS, 

to reduce cistern hushels to, 184. 

table for calculating, 240. 

COUCH FRAME, 

to gauge, 178, 18a 

COUNTRY ESTABLISHMENT, 255. 
CUBE, 20, 115. 

theorems, 114. 

to find the content, 117, 147. 
CUBE ROOT, to extract, 19, 20, 172. 
CUBIC MEASURE, 27. 

table of, 57. " " 

CURVED LINES, 65. 
CYLINDER, 116. 

theorems, 114. 

to find the content, 117, 120,. 168, 185. 

frustum of 114. 

CYLINDRICAL VESSEL, to gauge, 185, 120. 
DECIMALS, 

definition and table, 13. 

to reduce to the proper denomination, 32. 

to change a vulgar fraction to, 14. 

to reduce a decimal to a vulgar fraction, 15. 

addition and subtraction, 15. 

multiplication and division, 15. 
DISTILLER. 

licence duties and regulations, 888. 

DISTILLATION, process of, 340. 

DISTILLERY, utensils to gauge, 101, 185, 188, 192, 198, 208, 
212, 217. 

DISTRICTS, schemes of, 256. 
DIVISION, 

simple, 7. 

compound, 36. 

of vulgar fractions, 12. 

of decimals, 15. * 

by the sliding rule, 167. 
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BITISION OFFICERS, 250, 256. 
DIVISORS, 

table of, for reducing inchet into artaf, 57. 

circular, to find, 91. 

spherical, to find, 137. 
DOUBLE DUTY, penalty of, 289. 
DRAWBACK, 

producing goods fraudulently to obtain, 288. 
DRIP, 

to measure a vessel with, 207. 
DUTIES, 

how charged, 281. 

when payable, 283. 

upon what chargeable, 289. 

how recoverable, 288. 

calculations respecting, 38, 46. 

ELLIPTICAL PRISM, 114, 121. 
ELLIPTICAL STORE-CASK, to gauge, 195. 
ELLIPSIS, 95. 

theorems, 96. 

problems, 97. 

to find the area, 99, 108. 

ENTRY OF PLACES AND UTENSILS, 285. 
by whom to be made, 285. 
mode of proving, 285. 

EQUIDISTANT ordinates, 101. 

EXAMINERS, 252. 

EXCISE DUTIES, 279. 
origin of, 279. 
mode of charging, 281. 

EXCISE ESTABLISHMENT, 247. 

EXPECTANTS, 249. 

EXPORTING GOODS on drawback, 287. 

EXTENT proceedings on, 289. 

FACTORS, 

what, 31. 

kow to find, 31, 91, 137. 

table of, for salaries, 49. 

table of, for converting old measure into new, 56. 

table of, for reducing inches into areas, 57. 

FOOT- WALK OFFICERS, 250^ 256^ 

FRACTIONS, 

^fulgar, 10. 

decimal, 13. 

of a pound sterling, &c., 49, 51, 52, 54. 
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FRUSTUM of a Prism, 114. 
of a pyramid, 128, 185. 
of a cone. 129. 220, 230, 231. 
^J^^heroid, 141, 142. 220, 223, 230, 232. 

:f : Sb'iic'l^^^^ 143. 129. 220^ 23^281. 
of a parabolic spindle. 146. 220. 230. 235. 

GALLONS. 

dimensions of, 28, 54. 

table for converting inches mto. ©3. 

GAUGING. 161. 

open vessels, 182. 

regularly formed vessels, 183. 

vessels whose forms are nearly regular, IW. 

irregular vessels, 198. 

stills, 212. 

casks, 218. 

by callipers, 224. 

tables for, 240. 

GAUGE POINTS, 

definition of, 19, 172. ^ 

table of, for reducing inches mto areas, 07. 

application of, to the sliding rule. 172. 

toble of, for different kinds of vessels, 173. 

diagram of, for the line X, 232. 
GENERAL REGULATIONS, for securing excite duty. t7t. 

GEOMETRICAL, 
mean, 19. 
definitions, 61. 
axioms. 62. 

GLASS. 

duties. SOD. 

makers, licences, 800. 

drawbacks, 300. 

process of manufacture, 302. 

regulations for charging the duty, 803, 

nAes for calculating the duty, 38. 

pot, to gauge, 193, 194. 

circular divisor for, 303. 

fpecific gravity of, 59. 

GUILE J.UN to gauge, 195. 

HEAD ROD, 225, 230, 231. 

HEXAGONAL PRISM, 120. 

HOPS, 

duties, 308. 

drawbacks, 309. 

mode of cure, 809. 

wgulations for charging the duty, •Of. 
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HYDROMETER, 26. 

HYDROSTATIC balance, 2S. 

HYPERBOLA, 95. 
theorems, 97. 
problems, 97. 
to find the area, 100. 

HYPERBOLIC CONOIDS, Uk 

IMPERIAL MEASURE, 28. 
dimensions of, 28, 54, 
tables of, 53 — 66. 

INCHES, 

table for converting, into pounds weight, 9\, 
table for converting, into gallons, 53. 
table for converting, into bushels, 55. 

INCHING CASKS, 239. 

INCUMBRANCES, 

to measure vessel with, 208. 

INTEREST, 38. 

IRREGULAR CURVES, 

to measure by equidistant ordinates, lOU 

IRREGULAR PRISM, 114. 
to find the content, 122. 

IRREGULAR VESSELS, 

to gauge and tabulate, 198 — 211. 

LICENCED, 

traders to put up their names, 286. 

LICENCES, 

general regulations respecting 286, 
duties on, 310. 

LINES, 

problems relating to, 64. 

LINEAL MEASURE, 28. 

table of, 56. 
LONDON ESTABLISHMENT, 274. 

LOGARITHMS, 

nature of, 162. 

table of, for Gunter's line, 165, 
LUNE, 

to find the area of, 94' 

MALT, 

duties, 311. 

drawbacks aud allowances, 312. 

process of malting, 313. 

regulations for charging the duty, 314. 

I I 
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MALT, continued, ^ ,«« ^,^ 

utensUs and floors to gauge, 117, 173, 178, 183, 210. 
tobies relatmg to, 55, 148, 240. 

MASH TUN, 

to gauge, 196. 

MATHEMATICAL TABLES, 148. 

MEASURES, 24. 

tobies of, 50—60. 

MEASURE OF CAPACITY, 28. 

standard of, 28, 54. 
toble of, for ale and beer, 52. 
toble of, for wines and spirits, 52. 
toble of, for corn and diy goods, 54. 

MENSURATION, 61. 

of lines and angles, 62. 
of superficies, 70. 
of solids, 112. 

MIXTURES, 

duties on, 837. 

MONEY, 

tobies of, 48. 

MULTIPLICATION, 
simple, 6, 
toble, 5, 
compound, Z5. 
of vulgar fractions, 12. 
of decimals, 15. 
by the sliding rule, 167. 

NONIUS, 66. 

NOTATION & NUMERATION, 1. 
rules for, 3, 10, 13, 166, 170. 
toble, 2, 13. 

OATH of office, 249. 

OFFICERS OF EXCISE, 

appointment of, 248. 
salaries of, 251, 253, 254. 
promotion of, 275. 
privileges of, 277. 
stotions of, 256—273. 
actions against, 277. 

OPEN VESSELS to gauge, 182. 

ORDINATES, EQUIDISTANT, 

measuring planes by, 101, 198. 
proposition and demonstration, 102. 
to draw the ordinatcs, 105. 
to find the area, 107, 200. 
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ORDER for instructions, 248. 
ORIGIN of excise duties, 279. 

OVAL, 99. 
PAPER, 

duties, 320. 

maker's licences, 320. 

allowances, 320. 

drawbacks, 321. 

process of manufacture, 321. 

reg^ations for charging the duty, 323. 

PARABOLA, 96. 

theorems, and prolbems, 97. 

to find the area, 100. 

PARABOLIC CONOID, 140, 143. 

PARABOLIC SPINDLE, 140, 144. 

PARALLELOGRAM, 78. 
to find the area, 80. 

PARALLEL LINES, 66. 

problems relating to, 66. 

PARALLELOPIPEDON, 114. 
theorems, 114. 
to find the content, 117. 

PARISH APPRENTICES, Officers not liable to take, 277. 

PARISH OFFICES, Officers exempted from, 277. 

PASSAGE VESSELS, 

licences duties, 325. 

PENALTIES, 

prosecutions for recovery of, 288. 

PENCE TABLE, 48. 

PENTAGONAL PRISM, 120. 

PEPPER, 299. 

licence duties, 299. 
excise regulations, 299. 

PERMITS, 

general regulations respecting, 286. 

PERPENDICULAR LINE to draw, 65. 

POLYGONS, 

theorems, 82. 
problems, 82. 

POLYGON REGULAR, 
to find the area, 83. 
table for finding the area, 152. 

POLYGONS IRREGULAR, 
to find the area, 84. 

POST HORSES, 
duties, 326, 



^64 INDKX. 

POST HORSES, continued. 
licences, 327. 
regulations for securing the duty, 327^ 

POUND'S WEIGHT, 
standard for, 24. 
table for converting inches into, 51. 

PRACTICE, rules for, 44—47. 

PRICES, 

rules for calculating, 38. 

table of, for hundred* weights and lbs., 50^ 

PRISMS, 114. 

theorems, 114. 

to find the content, 117.- 

PBISMOIDS, 131. 
theorems, 131.- 
to find the content, 132. 

PRIVILEGES of Excise Officers, 277. 

PROGRESSION, 22. 

definition and examples, 22. 

PROMOTION, 

order of, 275. 

PROPORTION, 

simple, or rule of three, 9. 

compound, 37.. 

inverse, 43. 

double, 44. 

by the sliding rule, 168. 

PROSECUTIONS for recovery of duties and penalties, 23& 

PYRAMIDS, 123. 
theorems, 123. 
to find the content, 126. 

PYRAMIDICAL UNGULAS, 124. 

QUADRILATERALS, 78. 
theorems, 78. 
problems, 79. 
rules for finding the areas, 80. 

QUEEN'S share of penalties and forfeitures, 289. 

RECTANGLE, to find the area of, 8a 

RECTIFIERS, 338. 
licence duties 
excise regulations, 341, 347. 

REDUCING SPIRITS, 

calculations for, 26, 43, 242. 

REDUCTION, 29. 

to reduce from a greater denomination to a less one, 29. 
to reduce a Jess denomination to a greater one, 81. 
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REDUCTION, continued. 

to reduce a decimal to its proper denominatioiii 82. 

to reduce a vulgar fraction to a decimal) 14. 

to reduce a decimal to a vulgar fractioD» 15. 
REGULAR BODIES, 147. 

REGULARLY FORMED VESSELS, 188. 

REQUEST KOTES, 286. 

RIGHT LINES, 64. 

ROOTS, 

and squares, table of, 17. 
and cubes, table of, 19. 

ROUNDS, (COLLECTORS,) 283. 

RULE OF THREE, 9, 37, 168. 
double, 44. 

SACCHAROMETER, 27. 

SALARIES, 38, 49, 248, 250, 254, 275. 

"SCALE of even parts, to make, 63. 

SCHEMES of Collections and DistrictSf 256—273. 

SECTOR of a circle, 85. 
to find the area, 91. 

SEGMENT, 

of a sphere, 136. 

to find the content, 138, 186. 

of a spheroid, 140. 

to find the content, 141. 

of a circle, 85. 

to find the area, 92. 

SEMI-SQUARES, 

table of, 148. 

application of, 80, 119, 152. 
SHIP, to gauge, 211. 

SIGNS, explanation of, xii. 

SLIDING RULE, 161. 
description of, 161. 
of the lines. A, and B, 162. 
to estimate the value of the numbers, 166. 
to multiply given numbers, 167. 
to divide given numbers, 167. 
to perform the rule of three, 168. 
to find the areas of squares, circles, &o., 168. 
of the lines C, and D, 169. 
to estimate the value of the numbers, 170. 
to square any given numbers, 170. 
to extract the square root, 170. 
to find a mean proportional, 171. 
to find a proportional to squares, 171. 
to find a proportional to roots, 171. 

Xi2 
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SLIDING RULE, eontinned. ^ 

to cube a given number, 172. 
to extract the cube root, 172. 
of gauge points, 172. 

to find the area and contents bj, 118, 174, 17S. 
of the line MD, 176. 
to find the area and contents by, 118, 178. 
circular, 177. 

ofthe line X, 179. * 

to find the content of a cask by, 170, 231, 232. 
of the variety lines, 180. i 

of the ullage lines, 180. ^ 

to ullage a cask by, 181, 286. 

SNUFF, 

makers, and dealers licences, 350< 

SOAP, 

duties, 328. 

makers licences, 329. 

drawbacks, 329. 

allowances, 329. { 

process of manufacture, 830. i 

regulations for securing the duty, 331. j 

frame to gauge, 184, 332. I 

specific gravity of, $9, 332. 

SOLID measure, 27. 
table of, 57. 

SPECIFIC GRAVITY. 
nature of, 25. 
rules for calculating, 40. 
table of; 59. 

SPHERE, 136. 

theorems, 136. 

to find the content, 137. 

SPHEROIDS, 140. 
theorems, 140. 
to find the content, 141. 
frustums of 141, 142, 220, 228, 230, 232, 234. 

SPIRITS, 

duties, 335. 
licences, 338. 

allowances and drawbacks, 339. 
process of distillation, &c., 340. 
regulations for securing the duty, 342. 
rules for averaging and compounding, 26, 41, 24f . 
receiver, to gauge, 188, 199, 208. 
store vat, to gauge, 185, 192* 
still, to gauge, 212. 

table shewing the quantity of water necessary to reduce 
proof spirits to other strengths, 242« 
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SPIRITS, continued, 

table shewing the quantity of water necessary to reduce 

spirits of 22 per cent, u. p. to other strengths, 242. 
table shewing the quantity of spirits of 22 u. p., to be added 

to spirits of 61, u. p. 242. 

SPINDLES, 

parabolic, 140, 144. 

circular, 140, 144. 
SCIUARE VESSEL, to find the content, 80, 111* 
SCIUARE, to find tne area of, 80. 
SQUARE PYRAMID, to find the content, 126. 

SQUARE ROOT, 

explanation of, 16. 

rules and examples in, 18, 80, 170. ,a , ,. ,•, 

application of, in finding a geometrical mean, 19, 118, 171* 
application of, in finding gauge points, 19, 172. 

STANDARD weights, 24. 

measures, 27. 
STERLING MONEY, table of, 48. 

STILLS, 

description of, 212, 341. 

to gauge the body of a large still, 213. 

to gauge the body of a small still, 215. 

to gauge a still head, 217* 
STRENGTH of spirits, 

t(x calculate, 26, 4L 

SUBTRACTION, 

simple, 4. 
compound, 34. 

SUGAR, 

duties on, 296, 350. 

SUPERFICIAL MEASURE, 28, 56j 70. 

theorems relating to, 70. 
SUPERANNUATION deductions and allowaaccs, 278. 
SUPERNUMERARIES, 250. 
SUPERVISORS, 253. 
SURVEYING DEPARTMENT, 

peculiarities of, 248. 

diflferent ranks of officers in, 248—274. 

distribution of the country business, 256—273. 

general course of charging the duty, 281. 

SURVEYING GENERAL EXAMINERS, 264. 

SURVEYING OFFICERS, 250. 

SWEETS, 

licences, 350. 

txoite regulations, 350. 
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TABLES, Ust of, zii. 

TEA, 

liecDoe duties, 299. 

TIME, 24, 29, 58. 

TOBACCO AND SNUFF, 

manufacturers' licences, 350. 
dealers' licences, 351. 
excise regulations, 351. 

TRAPEZOID, to find the area of, 80. 

TRAPEZIUM, to find the area o( 81. 

TRIANGULAR PRISM, 114. 
to find tlie content, 119. 

TRIANGLES, 72. 

theorems, &c., 72. 

problems, 74. 

to find the area, 75. 

TRIGONOMETRY, 74. 

ULLAGE line, 180. 

rule, 180, 237, 239. 

ULLAGING, 180, 236. 

UNENTERED MANUFACTORIES, 285. 

UNGULAS, 124, 125. 

VARIETY LINE, 180, 233. 

VERNIER, 66. 

VINEGAR, 

duties, 352. 

makers licences, 352. 

process of manufacture, 352. 

regulations for securing the duty, 353. 
VOUCHER, 

form of (but see Board's Order, of July 7, 1840), 283. 

WEDGE, 131. 

theorems, 131, 

to find the content, 135. 
WEIGHTS and measures, 24 

acts relating to, 25^ 28. 

tables of 50-^60. 
WINE, 

dealers licences, 354. 

excise regulations, 354. 
X line, 179, 232, 

ZONE of a sphere, 139. 
of a spheroid, 142. 
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T. 
A PRACTICAL TREATISE 

ON THB 

LAW OF AUCTIONS; 

'With Forms, Tables, Statutes, and Cases, and Directions to Auctioneers < 

Price 7«. 6rf. 

" This is a work, than which one more creditable to the learning, 
perspicuity, and seal of the Author, whoever he may be, [it was published 
anom-mously] cannot well be conceived."— Jlfon/^/y Law Magazine, 1838. 

'* The Law of Auctions on which a practical Treatise has just been 
published, ought to be in the hands of every one conducting Sales by 
Auction. The " Law of Auctions" has appended to it copious appendices 
of forms in use in practice, and of statutes and reported cases relative to 
Auctions ; and contains, in short, all the information necessary to the 
correct management of the business of an Auctioneer, and the avoidance 
of the heavy penalties any infringement of the excise regulations im- 
poses"— TbilV .^a^azin^.jbr June, 1838. 

" No description of books have proved more generally useful than those 
ivhich have Drought together, embodied and concentrated, all the 
loose and scattered laws that have, from time to time, been enacted on 

{>articular subjects. As regards the mere citizen, to whom some know* 
edge of law is essential, narticularly on certain points, if he would avoid 
the many stumbling-blocKS which beset his ijatn, it is utterly impossible 
for him to make himself acquainted with written law by the aid of the 
statute books. Suppose, for instance, he wished to learn something of the 
law of auctions ; waere would he search for information unless ne had 
some such treatise as the one before us '/ To lawyers, of all classes, such 
works are invaluable : their direct effect is to save much valuable time 
and laborious study. Much of the information presented in the book 
under consideration, for instance, is condensed into tables, in which, at a 
glance, many valuable particulars may be learned ; while cases are given 
sufficient to furnish the attornev or advocate with precedents bearing upon 
any matter that may come under consideration. We imagine we need 
scarcely dwell upon the utility of digests of laws to those engaged in the 
particular avocations for the regulation of which such laws nave been 
framed. To the lawyer a work of this sort must be useful : to the trader, 
it is essential. We need scarcely, therefore, recommend the work to 
the attention of auctioneers. Not the least of its recommendations is the 
very popular manner in which it is written. We may safely venture to 
affirm, that there is no class of the community who could read it without 
being interested and instructed. It is hardly possible to conceive, that so 
much novel and pleasing information could be mixed up with a disquisition 
on the law of auctions, and we must give the author credit for having so 
well handled so dry a subject." — Liverpool Albion, Not. 5, 1838. 

" This is a comprehensive and clear view of the laws, duties, liabilities 
and practice of auctioneers, and of all that relates to sales \>y auction. It 
makes a proper distinction between our laws upon the subject, as far as 
they are merely acts of revenue, or statutes to enforce the integrity of 
"bona fide transactions, and to facilitate this mode of disposing of property. 
The work is the auctioneer's tade mecum, and is drawn up with skul and 
learning. Its distinctions are accurate and well applied.**— Weekly Dii-' 
patch, April, 1, 1838. 

*' This is a very useful book, and should be in the possession of every 
auctioneer in the kingdom. It is a manual of directions to assist him in 
the skilful exercise of his trade or business. It contains directions for 
the description of every species of property, and for preparing the parti- 
culars and conditions of every variety of real and personal estate. It 
contains also the laws of bidding, sale, and deposit ; the forms of returns 
to be made to the Excise ; the modes of enforcmg or annuling the contract; 
and the auctioneer's responsibility for the proceeds of the ial«i, jfcc."-— 
BeWi Meisenger, March 25, 1838. - 
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II. 
THE GENERAL TURNPIKE ROAD ACTS, 

With NoteSt Forms, and an Index. 

By J. Batbman, Esq., of Iincoln*i Inn. 

The Third Edition. Revised and considerably enlaned, and the 
Statutes brought down to the present time. l3mo. 

Price 9t. boards, with Plates. 

This is the only complete work upon the above important branch of 
Domestic Legislature ; and contains — ^tn addition to the whole of the Sta^ 
ttttes, which nave been reprinted and brought down to the presoit time- 
numerous Practical forms ; an Appendix of Cases, including several recent 
decisions upon Toils, the responsibility of lirustees. Repairs, &c. ; Stand- 
ing Orders of Parliament respecting Private Bills ; Report of the Select 
Committee of the House of Lords, relating to the Consolidation Turnpike 
Trusts ; Rules for repairing Roads, &c. &c. 



IIL 

THE GENERAL HIGHWAY ACT, 

5 & 6 WILL. IV. c. 50, 
With Notes, Forms, and Index. 

By J. Batbkan, Esq., Editor of the Turnpike-Road Acts, &e. 

Together with Appendix, containing 
Statutes and part of Statutes referred to in the Act ; 
Alphabetical List of Persons to be rated ; 
Table or Calculation for regulating Team«work; 
General Rules for repairing Roads, issued by the Parliamentary Commis- 
sioners of the Holyhead Roads, &c. 
Price bi. boards, with Plates. 

" It is gratifying to see uay approach towards ' codification ;' and we 
may hope, that by one consolidated act after another, much may be done 
towards reducing the number, simplifying the style, and harmonising the 

E'ovisions of the laws under which we live. Mr. Batkman is a very use- 
1 interpreter between the legislature and the public ; and his publication 
may interest us about mending our ways in more senses than one."— 
Monihljf Bepotitory, 



IV. 

METROPOLITAN TURNPIKE ACT; 

The Statute 7 GEO. IV., c. 143. 

For consolidating the Trusts of the Turnpike-Roads in the neighbourhood 
of the Metropolis, North of the Thames. With Notes, and a Digested 
Index.^By the Editor of the General Turnpike Acts. 19mo. &». M. boards. 
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V. 
THE EXCISE OFFICER'S MANUAL; 

OS 

intptobetr VroctCcal tSrauger. 

BBINO ▲ 

COBfPENDIOUS INTRODUCTION 

TO THB BU8INB8B OF CHABiOlNO AND OOLLBCTUfG THB 

DUTIES OF EXCISE. 

Price 7t. 6d. boards. 
This work containi an account of the Excise Establishment ; the Duties, 
Drawbacks and Allowances under the management of the Excise, cor- 
rected to the present time ; an account of the processes of manufactures 
of yarious excisable articles ; an abridgment of the legal rnpilations for 
charging and securing the duty ; scheme of every coUectfon and dis- 
trict intne United Kingdom ; and extracts from the Reports on the Excise 
Enquiry. With numerous Tables, Forms and Instructions-. Also the 
whole act of Gauging ; illustrated with above SMO Wood and Copperplate 
Engravings. 

TI. 

THE GENERAL LAWS 

BBLATIMO TO THB 

REVENUE OF EXCISE; 

VIZ.: 

General Regulations, Duties, Licences, and Permits. 
Price 3«. extra bds. 
This work is not an abridgement, as from its portabilihr might be 
supposed. It contains a verbatim copy of the Acts of Parliament most 
frequently referred to in Excise matters, with the repealed and altered 
parts, carefully marked, and a copious index, &c. Until the new Edition 
of Huie's Excise Laws is ready, this work wUl serve in many cases as 
a substitute for it, with the additional advantage of being printed in the 
rery words of the Legislature. It is closely printedfor the pocket, and to 
secure an extensive sale, is published at a very moderate price. 

A New Edition is in the Press. 

VII. 
PRECEDENTS OF 

PRIVATE ACTS OF PARLIAMENT, 

Selected and Approved by 

A COMMITTEE OF THE HOUSE OF LORDS, 

With Additional Forms, Variations, and Notes, adapted to all the usual 
circumstances of Local and Private Legislation. Fery Thick. 8vo 
Clotdy Printed. 11. is. boards. 

" Toe precedents are divided into classes, according to the arrangement 
adopted in a work entitled. Practical Intlructioru on the passing^jPrivai^ 
Biuk through both Hmuea qf Parliament ; such arrangement having r^aid 
not 80 much to the different objects contemplated %y the Bills, as to the 
orders in Parliament under wmch they are introduced. The additional 
forms and variations, which are distinguished from the approved Prece- 
dents, are printed in a smaller type, and have been selected flrom Drafts 
or Forms of actuiU piaotiGe, the names of which are in many cases stated 
as they occur." 
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DESCRIPTION AND USE 

SIKES'S HYDROMETER, 
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ij IT, Co«k lod W. P. Jackion, Oraen'* End, Woolwich. 



N* B. Hydrtmuteri and Saechar<meter» made by J. LoNa are 
eovertd with a body qffine Oold, thereby preventing the Instrument 
from corroding and wearing light, and consequently remmning in a 
fit state rf a/^ustment for a very long period. 



DESCRIPTION AND USE OP 

SIKES'S HYDROMETER, 

Kadb by JOSEPH LONG, and sold by S. COCK. 



SiKEs's Hydeometer consists of a spherical ball, with an 
upper and a lower stem ; to the latter is attached a poise weight, 
to keep the instrument upright when floating in the spirit ; the 
upper stem is a flat square or parallelogram divided on two sides 
into ten principal divisions, numbered Oto 10, and again subdivided 
into 5ths of divisions. There are nine weights, numbered pro^ 
gressively, from 10 to 90, each weight being equal to the ten divi* 
sions on the stem, and will sink the instrument the whole ten divi-r 
Bions deeper than the preceding weight ; the whole instrument is 
therefore divided into 100 principal divisions, and again subdi* 
▼ided into dths, making a total of 500 divisions or points of 
strength, at each degree of temperature ; and as the tables or rule* 
which accompany the instrument are calculated to show the 
strength at every degree from 30 to 80 inclusive, being 51 degrees^ 
the whole range of judications or points of strength, are 25500. It 
must be observed that not more Ihan one weight is to be put on the 
instrument at once. If it is too heavy it must be removed and B 
lighter one put on, and the reverse if it is too light. The extent 
of strength of spirits found by the hydrometer is from water to 69 
per cent, over proof or specific gravity *81 56, taking water at 
10,000. The instrument is fitted up in a neat case, with a ther- 
mometer to ascertain the temperature ; and also rules, if required, 
for showing the stiength and comparative value of spirits, &c. 

For warm climates where the temperature is seldom under 80 
degrees, tables and rules are calculated extending the temperature 
to 100 degrees. 



J. Long also makes Sikes's Hydrometer with tbe weights fitted 
to the top: by this method the weights are not immersed in the 
spirits, consequently corrosion is prevented, and the necessity of 
wiping them after using is obviated. 

A small Sikes's Hydrometer for proving the strength of so small 
a quantity as a wine-glassfull of spirit, with equal facility and accu- 
racy as those of the usual size. 

J. L. was induced to construct this instrument, in consequence 
of the frequent complaints of the difficulty of ascertaining the 
strength of samples ; which by frequent tasting and trying had 
been so reduced in quantity as to render the usual sized Hydrometer 
quite useless for that purpose. 



THE USE OF THE TABLES, 

rOK ASCERTAIMINO THE CONCENTRATED BTBENOTH OV 

8PIBITUOUS LIQUORS. 

These tables are constructed so that each opening is a table com* 
prising all the strengths from water to the strongest spirit that can 
be proved by the Hydrometer, at the degree of temperature men- 
tioned at the top of each page, beginning at 30o and ending at 
80o by Farenheit's Thermometer. 

In the columns marked " Weights and Divisions on Stem," the 
numbers 10, 20, 30, &c., at the top, answer to the numbers on the 
weights. The numbers down the columns, under the respective 
weights, represent the number on the stem of the Hydrometer, 
added to the weights; and the single numbers .2, .4, .6,.8, &c., are 
tenths of divisions on the stem. See plate, fig. 2. 

First pour a sample of the spirits intended to be tried in the 
Trial Glass ; immerse the Thermometer, and note at whatd^^ee the 
quicksilver becomes stationary, which is the temperature of the 
spirits. Open the book of Tables at that same degree of tempe- 
rature ; then put a weight on the lower stem of the Hydrometer, 
and immeise it in the spirits, gently pressing it down to on the 
stem : if it is right weight, it will float to some division on the 
upper stem ; note the division and a4d it to the weight applied, 
which is the Hydrometer weight of the spirits ; then look in the 
Table under the degree of temperature which the spirit is, for the 
number of the weight at the top of the colunm; look down 
that column for the division it floated to on the stem, facing which 
in the next column is the strength of the spirits. If tJie weight ap- 
plied will not float the Hydrometer to 10 on the stem, it must be 
removed and a heavier weight applied ; if it floats deeper than on 
the stem, a lighter weight must be applied. 

EXAMPLES. 

Suppose, in 64 degrees of temperature, the Hydrometer, with 
the weight 30 on the bottom, sinks to 5 on the stem, the weight 
of the spirit is 35 ; then having found the table for temperature 
640, look down the column for 35, the Weight and Division on 
stem : directly opposite will be found 31 per cent over proof: if 
the Hydrometer, without a weight, sinks to 7 on the stem, the 
weight becomes 7 ; then look in the column for ; having found it, 
carry the eye down the column till it comes to 7, opposite to which 
will be found 60 per cent, over proof, &c., &c. 

If in 50o of temperature, the Hydrometer with the weight 60 on 
the bottom, sinks to 6 on the stem, find the table for temperature 
50, and havingfound 66 the weight and division, directly opposite 
will be found 8.1, which is 8 per cent, and one-tenth under proof. 

The lines dividing the columns, as at 61, shew a spirit of that 
strength to be proof, therefore all strengths preceding those lines 
are over proof, and Uiose succeeding under proof, as may be seen 
at the top of each table. The cap weight which goes on the top 
stem of the Hydrometer, shews the difierence between water and 
proof spirit, as described in the first clause of the Hydrometer Act, 
and if applied on the top, with, the weight 60 on the bottom, will 
sink the Hydrometer in distilled water to the proof point on the 
edge of the stem at olo of heat, the weight 60 sinking it to th« 
same division in proof spirit at that degree of temperature. 



OP THE USE OF THE SLIDING RULE FOR ASCER. 
TAINING THE STRENGTH OF SPIRITS. 

As the tables which^ccompany the Hydrometer are too large to 
be conveniently carried with the instrument at all timesi and a 
Rule is found to answer most purposes equally as well, it is thought 
advisable to give directions for the use of the Hydrometer and 
Rule, which will obviate the necessity of having both Tables and 
Rule. It has only the most general conmiercial strengtlis gra- 
duated on it, viz. from 33 per cent, under proof to 54 per cent, 
over proof, although some are made with all the strengths on them. 

The Rule here described is generally fitted in the case with the 
Hydrometer, and is made either of ivory or box wood. 

The divisions on the stock, both top and bottom (on one side) 
are all over-proof, on the bottom from 2 to 33 per cent., and on 
the top fr<'m 26 to 54 per cent, over proof. On the reverse side of 
the upper stock is graduated from 10 per cent, over proof to 25 
under proof; and on the lower stock on the right, from 16 to S3 
per cent, under proof. On the left of the lower stock is the scale 
for regulating the temperature, marked Thermometer Scale^ and 
graduated from 30 to 80. 

The slide on both sides of the Rule contains the weights and di- 
visions corresponding to the weight applied to the Hydrometer and 
the division pn the stem, to which the instrument sinks in the spi- 
rit under trial ; the shortest divisions corresponding to the 5ths of 
whole divisions on the stem, &c. 

GENERAL INSTRUCTIONS. 

First pour a sample of the spirit intended to be tried, in the trial 
glass ; then find the temperature of the spirit by immersing the 
the Thermometer therein, and note at what degree the quicksilver 
becomes stationery : . and fix the Sliding Rule so that the fievir- 
de-lis, or index, shall be opposite the same degree on the Ther- 
mometer Scale, which the quicksilver rises or falls to. 

Then put a weight on the lower stem of the Hydrometer, and 
immerse it in the spirit, gently pressing it down to on the 
stem ; if it is too heavy or too light, remove it and apply another 
weight that will cause the instriunent to float to some division on 
the upper stem ; note the division, and add it to the weight applied, 
which is the Hydrometer weight of the spirit ; then look upon the 
middle or sliding part of the Rule for that same weight and divi- 
sion, and directly opposite thereto (on the stock) will be found the 
exact strength of the spirit. 

EXAMPLES. 

Suppose, in 64 degrees of heat, with the weight 30 on the bot- 
tom, the Hydrometer sinks to 5 upon the stem; the Rule being 
fixed so that the fleur-de-lis shall be opposite 64 degrees on the 
Thermometer scale ; then facing 35 will be found 31, which is the 
number of gallons in the 100 the spirit is above proof: if in 50 
degrees of heat, the Hydrometer, with the weight 70 on the bot- 
tom, sinks to 2 on the stem, the weight is 72 ; the Rule being 
fixed so that the fleur-de-lis shall be opposite 50 degrees of the 
Thermometer Scale, then facing 72 will be found 18.9, which is 
the numbei of gallons in the 100 the spirit is under proof. 



USE OF THE COMPARATIVE RULE, 

Shewing the relative Value qf Spirits, and for taking Stocks, and 
Reducing Spirits from one Strength to another. 

This Rule shews on the side A B, the comparatiTe value of Spi- 
rits ; and on the side C C C, the quantity of water requisite for re- 
ducing from one strength to ano^er. Upon the middle, or sliding 
part, file different strengths, from 70 per cent, under proof to 70 
per cent, over proof, are laid down ; and upon the side which shews 
the comparative value, the line A denotes shillings and pence per 
gallon, from forty-two shillings to eight shillings per gallon, and 
the line B from eight shilling to one shilling and sixpence per gal- 
lon. The left of proof on this Rule is under proof, and the right is 
over proof. 

EXAMPLES. 

Suppose a spirit 20. per cent over proof, worth eighteen shillings 
per gallon, place the slide so that 20 per cent, over proof shall be 
facing eighteen shillings upon the line A, then opposite every other 
strength will be found the value in proportion thereto ; proof will 
be worth fifteen shillings per gallon j 10 per cent, under proof 
thirteen shillings and sixpence per gallon. Again, suppose 10 per 
cent, over proof worth twelve shillings and sixpence per gallon, 
place the slide so that 10 per cent over proof shall be facing twelve 
shillings and sixpence upon the line A, then the comparative value 
of proof will be eleven shillings and fourpence-hal^enny per gal- 
lon; 10 per cent, under proof ten shillings and twopence three far- 
things ; 20 per cent, under proof nine shillings and one penny per 
gallon. On the line B, if proof spirit cost five shillings per gallon, 
then 20 per cent under proof will be worth four shillings per gal- 
lons, &c. &c. 

On the other side the lines C C, divided upon the upper part 
from 300 to 60, and below from 100 to 20, denote gallons, to &cili- 
tate the reducing of spirits. As an example, if 130 gallons of spi- 
rits, 40 per cent, over proof is required to be reduced to proof, 
place the slide so that 40 per cent over proof shall be opposite 130 
upon the upper line C, then facing proof upon the same line, will 
be found 182, the number of gallons it is to be made up to. If 
100 gallons of spirits, 20 per cent over proof, is to be reduced 20 
per cent under, fix the Rule so that 20 per cent over proof shall 
be opposite 1 00, then facing 20 per cent under proof will be found 
150, the quantity required. Again, if a cask of 1^0 gallons is to 
be filled with a spirit 30 per cent, under proof, place 30 per 
eent under proof opposite 1:^0, then the number of gallons of any 
superior strength requisite to be put into the cask is immediately 
shewn by inspection. If the spirits are 10 per cent, under proof, 
faciug 10 per cent, under, will be found 93 gallons and one- third, 
the quantity required ; if the spirits are proof, opposite proof will be 
found 84 gallons, the quantity requisite; if 20 per cent, over 
proof, 70 will be the quantity of spirits, &c., the remainder to be 
made up with water. 

By this side of the Rule stocks may be taken and charges esti- 
mated, by placing the strength opposite the quantity; then oppo- 
site the strength the stock is to be taken at, will be found the exact 
•luantity of such spirit 



DESCRIPTION AND USE 

OF 
NEW 

IMPROVED SACCHAROMETER, 

Sold by S. Cock. 



The Sacchatometer consists of an oval ball, with the upper stem 
divided on two sides, each comprising a range of twenty-five princi- 
pal divisions, and again subdivided into fifths, answering to pounds 
and fifths of pounds per barrel. The first side engraved O. W. 
extends from water to 25lbs. per barrel, and it is to be attended to 
without a weight being fixed to the bottom stem; the reserve side 
engraved No. 1 , is used with the No. 1 weight, fixed to the bottom 
stem ; and extends from 25lbs to 52lbs. per barrel. A wort that 
floats the instrument to 25 on the O. W. side of the stem, will, with 
the addition of the weight No. 1, sink it to 25 on the No. 1 side 
of the stem. Previous to using the Saccharometer, it is requisite 
to adjust it to the water that is to be used in brewing, as water in 
different situations varies in density; to adjust which, obtain some 
of the water that is to be employed, try its heat by the Thermome- 
ter, and then immerse the Saccharometer. Should the heat be just 
50 degrees, and the Saccharometer sink to O. W. on the stem, its 
adjustment is sufficiently correct. If it does not sink to that point, 
gently unscrew the bottom poise weight, and put in the vacuity 
thereof as many of the small leaden pellets (which are sent with 
the instrument for that purpose) as may be requisite to sink it to 
its standard point, occasionally raising or depressing it until it be- 
comes stationary at O. W. ; when it remains stationary at that 
point, the instrument is properly adjusted, and is the true standard 
of all future comparisons. 

In adjusting the instrument during the summer months, the 
coldest state possible the water can be obtained, will exceed 50 de- 
grees : try the heat, and for every 5 degrees that the water is 
wanner than 50 degrees, suffer the inatrument to sink one of the 
divisions on the edge of the stem deeper than O. W., as the stand- 
ard heat that the instrument is adjusted to, is 50 degrees of tempe- 
rature with the New River water. 

The Thermometer is constructed so as to act in unison with the 
Saccharometer, by allowing for the expansion of worts occasioned 
by heat, thereby serving the purposes of a Rule or Table for gene- 
ral use. But as worts of different strengths vary in their expan- 
sion, it is requisite to have a Rule or Tables to shew the exact 



•trengthf at any very high degree of heat or strength, more particii* 
larly when minute accuracy is required ; for that ptirpoae there is 
a Role with the Expansion Scale gradoated from 50 to IdO d^reea 
of heat, and from water to 60lbs. per barrel of gravity of 1561bs. 
of real extract per barrel ; likewise a line of comparison, shewing 
what any number of pounds gravity per barrel are equal to in ex- 
tract per barrel, for the convenience of those who are in the habit 
of using instruments which only shew extract or gravity per barrel. 

By the term gravity, is understood that the barrel of worts is 
that number of pounds (which the instrument indicates) heavier 
than a barrel of water, not allowing for the quantity of water dis- 
placed by the introduction of the saccharine matter; by the extract 
is understood, that there are that number of pounds of saccharine 
or fermentable matter (which the instrument indicates) contained 
in a barrel of that wort, allowing for the quantity of water displaced 
by the introduction of the saccharine matter, each pound whereof 
occupies the space of 0.6154 parts of a gallon of water. A wort of 
20Ib8. per barrel gravity, contains 52lbs. of extract, or solid fer- 
mentable matter, consequently each pound of gravity that the 
barrel is heavier than water, contains 2.61bs. of saccharine or solid 
extract. A barrel, or 36 imperial gallons of water, weighs 360Ibs., 
and a barrel of wort of 201b8. gravity, weighs 380, being 20 additional 
for the wort, and contains 521b8« of solid extract or fermentable 
matter, which at .06154 parts of a gallon for each pound, occupies 
the space of 3.2 gallons of the liquid, leaving 32.8 gallons of water, 
the weight whereof at lOlbs. per gallon, amounts to 3281bs., to 
which, adding the extract 521bs., make the total amount of weight 
3S01b8., the weight of a barrel of wort of 201b8. gravity; thus 
clearly demonstrating, that each degree of gravity uf pounds per 
barrel heavier than water contains 2.61b8. of saccharine matter, 
and that each pound of extract occupies .06154 parts of a gallon 
in measure, and displaces that quantity of water per gallon. The 
Baccharometer, with the assistance of the Thermometer, is suffi- 
ciently accurate for most general purposes, as the expansion of 
worts which occur at the various heats are noted on the Thermo- 
meter Scale, facing the respective degrees of heat at which such 
expansion takes place at a medium degree of gravity, viz. 201bs., 
consequently the nearer the sample under trial approaches to that 
strength, the more correct will be the result ; but the variations 
under that strength in no case will amount to more than 2-lOths of 
a pound, evendown to water ; and above 201bs.-the variations will 
be very little more ; and should the temperature be below 100 de- 
grees, the variations will be considerably less ; but in all cases, if 
more minute accuracy is required, by referring to the A B side of 
the Sliding Rule, the real strength can be found at any degree of 
gravity and temperature under 150 degrees. On the reverse side of 
the Rule are laid down a line of barrels with an appropriate line of * 
gravities, by which the brewer is enabled to regulate his lengths, 
and produce uniformity of strength from a superior or inferior Malt. 
Likewise a line of shillings per quarter, for estimating the value of 
Malt according to the strength produced, whereby the brewer is 
enabled to ascertain the value of Malt, as well by sample as brewing. 
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DIBftCTIONS FOR USING THE SACCHAROMETER. 



First fill the assay jar with the worts intended to be tried, 
immerse the Thermometer, and note the degree at which the 
stem becomes level with the surface of the wort ; add the number 
which is facing whatever degree of heat the quicksilver becomes 
stationed at, to that number on the stem which is level with the 
wort, and both added together is the strength of the wort or gravity 
per barrel. If using the Rule, observe at what degree the quick- 
silver is stationed at, and note what division on the stem is level 
with the surface of the wort. Slide the Rule on the A.B. side, so 
that the same degree (which the quicksilver rests at) on the sliding 
part of the Rule marked temperature scale, be placed opposite the 
degree of strength (at which the instrument sinks to) on the stock 
of the Rule, and facing 50 degrees on the slide will be found its 
real strength or gravity per barrel on the stock. 



Examples. 
Suppose on immersing the Thermometer the quicksilver rise to 
90, and by immersiug the Saccharometer, it rests at 21 and two 
short divisions below, which will be 21 and 410tbs; then facing 90 
degrees on the Thermometer vrill be found 1.8, which, added to 
21.4, gives 23,210th8 pound gravity per barrel. By the Rule, and 
the foregoing example, place 90 on the sliding part of the Rule 
marked temperature scale, fiicing 21.4 on the stock; then facing 
50 on the slide will be found 23.2 on the stock, the same as by the 
Thermometer. 

Suppose on immersing the Thermometer, the quicksilver rise to 
112, and by immersing the Saccharometer with the weight No. 1 
fixed on the bottom stem, it sinks to 33 on the No. 1 side of the 
top stem ; then facing 1 12 on the Thermometer is 3.5, which added 
to 33, the number on the stem, gives 36.5, the strength or gravity 
per barrel. By the Rule, and the foregoing example, place 112 
on the slide facing 33 on the stock, then facing 50 on the slide will 
be found 36.6 on the the stock, the real strength or gravity per 
barrel, being only the variation of one-tenth of a pound from the 
example by the Thermometer, which clearly proves that the Sac* 
charometer, with the assistance of the Thermometer alone, is 
sufficiently accurate for most purposes, without referring to the 
Rule. 

Immerse the Thermometer, suppose the quicksilver rise 132 
degress. Immtrse the Saccharometer, suppose with the weight 



No. 1 it sinks to 44 610tha on the No. I side of the stem.; slide the 
Rule CO that 132 on the slide be opposite 44.6 on the stock, then 
facing 50 degrees on the slide will be found 50.7 on the stock, the 
real' strength or gravity per barrel, &c. &c. — See the plate, fig. 1. 



J. L. also makes Richardson's Improved Saccharometer with 
only 4 weights, showing 5 lbs. on the stem, the original having 8 
weights, and only showing 1 lb. in the stem. 

Long's improved Graviraeters,. for showing the specific gravity of 
all fluids lighter and heavier than water from specific gravity 800 
to 1500. 

Dicas's Hydrometers and Saccharometer. 

The whole of the above instruments are covered with a body of 
fine gold, that not only prevents corrosion but causes them to re- 
main in a correct state for a much longer period ; thereby preventing 
the inconvenience, and saving the expence of so frequent a re- 
adjustment which is much complained of by those who use the un- 
gilt instruments. 



J. L. also manufactures Chrondrometers, for ascertaining the 
weight per bushel of every description of grain by sample ; like- 
wise Gravimeters for showing the specific gravity of Fluids^ for 
Chemists, Soap Makers, Dyers, Tanners, &c. — Also, 



Ash ton's Patent Hydrometer 
Dicas's Hydrometer 
Still Hydrometers 
Baccharometers for Brewing, on 

very improved principles 
Swan's Barktrometer 
Do. Wine Test 
Lactometers for Farmers, Graziers, 

and Dairymen 
Saccharometer for Sugar Bakers 
Brewing Thermometers of every 

descnptiou 
Thermometers for Botanical and 

Chemical purposes 



Ditto Pocket and Ornamental 
Barometers of every description 
Proof Phials and Bubbles 
Improved Self-acting Pegs 
Imperial £(^ualizatlon Rules 
Palmer's Wme and Spirit Dealers' 

Directory 
Swan's Treatise on Tanning 
Ashton's Spirit Tables 
Gutteridge 8 Tables 
Imperial Copper Measures, from 

half-Quartern to five Gallons 
Imperial Pewter Measures for Spi- 
rits or Beer. 



And every description of Mathematical, Philosophical, and Op- 
ptical Instruments, wholesale, retail, and for exportation. 




ANNO QUINQUAGESIMO OCTAVO 

GEORGII III. REGIS. 



CAP. XXVIII. 
An AH to repeal an Act made in the Pifiy-sixth Fear qf His present Majesty's 
Jteign, for establishing the Use qf on Hydrometer called SIKES'S Hy- 
drometer, in ascertaining the Strength qf Sprits, instead qf CLARKE'S 
Hydrometer; and for making other Provisions in lieu thereqf. 

[23d May, 1818.] 

TyHEREAS a certain Act was made in the Fifty-sixth Year of the Reign 
-.11 A o •r'^ present Majesty, for establishing the Use of an Hydrometer, 
®*"®? S^«es sHvdxoraetei, in ascertaining the strength of Spirits, instead 
?.«£ i^l Hydrometer; reciting therein ; that by an Act made in the 
jorty-first Year of the Reign of His present Miyesty, among other 
inmgs, for makmg perpetual so much of an Act made in the Twenty- 
!!!!♦• X®" of„tfie lleign of His .'present Majesty, as related to 
ascertaining the Strength of Spirits by Cfar*e'« Hydrometer, it was 




.'^ *x • n . o — -f-" -"" "v -^v. .v.».. Foreign .r •/»<» 

* T ^^*^**°^ «< « certain Time, upon which the Duties on Importation 
nave been patd, and for amending several Laws relative to the Revenue of 
JJarcwe, as directed that aU Spirits should be deemed and taken to be of 
the Degree of Strength at which the Hydrometer commonly called Clarke's 
Hydrometer should upon Trial by any Officer or Officers of Excise, denote 
any such Spirits to be, which was to continue in force until the Fifth 
Aiay ot Amtl, One thousand seven hundred and eighty-eight, and which, 
by several subsequent Acts was continued until the First Day of June, 
une thousand eight hundred and one, should be made perpetual : and 
tnat since the passing of the said Acts, an Hydrometer, called Sikes's Hy- 
arometer, had with great care been completed, and had, by proper 
S*P?f ^™®^t«» Blade for that purpose, been ascertained to denote as Proof 
Kpint that which, at the Temperature of Fifty-one Degrees by 
^anrenheits Thermometer, weighs exactly Twelve-thirteenth Parts of 
# ^q'ifl Measure of distilled water ; and also to determine the Strengths 
or all other Spirits in proportion to the Quantity of such Proof Spirit which 
18 contained therein, or which can be made from them, with a degree 
of Accuracy never before attained ; and that it was expedient to establish 
tiie same m lieu and instead of the said Hydromoter caUed Clarke's Hy- 
drometer, which still remained in use in Great Britain, under and by virtue 
of the said Act ; and it was also expedient to repeal the said recited 
Clause of the said Act made in the Forty-first year of the Reign aforesaid ; 
and also an Act made in the. Forty-second vear of the Reign aforesaid, 
intituled, An Act to authorize ine I/rrd High Treasurer, or Commis- 
sioners qfthe Treasury in Great Britain, and the Lord High Treasurer, or 
the Commissioners of the Treasury in Ireland, to order the use qfthe Hydrome- 
ters now employed in the management qf the Revenues, to be discontinued, and 
other Instruments to be used instead thereof; And whereas the said Act by 
which the Acts therein recited as aforesaid were repealed, and the Use of 
Sikes's Hydrometer established as aforesaid, will expire on the first day 
of August, One thousand eight hundred and eighteen ; and it is expedient 
to repeal th« said Act, save and except as hereafter mentioned, and make 



further Provision for the poipoaes therein mentioned ; be it therefore 
enacted by the Kins's Most ^cellent Majesty, by and with the Advice 
and Consent of the Lords Spiritual and Temporal, and Commons in this 
present Parliament assembled, and by the Authority of the same, that 
TTOva and after the-passing of this Act, the said Act of the Fifty-sixth Year 
aforesaid shall be and the same is hereby repealed, save and except in all 
cases relating to the recovering any Fine, Penalty, or Forfeiture, Fines, 
Penalties, or Forfeitures, \rhich shall have been incurred under such Act 
at any time before or on the passing of this Act, and save and except as 
to so much of the said Act as repealed the said Clause of the Act of the 
Forty-first Year, and the said Act of the Forty-second Year of the Reign 
of his present Majesty, which shall, notwithstanding anything herein 
contained, remain wholly repealed. 

II. It further enacts : That in and throughout the United Rin»lom of 
Greai Britain and Ireland^ from and after the passing of this Act, :ul Spirits 
shall be deemed and taken to be of the degree of Strength at whicn the 
said Hydrometer, called Sikef^s Hydrometer, used under the directions of 
the Commissioners of Excise, shall, upon Trial by any Officer or Officers 
of the Customs or Excise, denote such Spirits to be, except any spirits 
(not being Foreign Cordials, British Brandy, or British Compounds) which 
shall be sweetened, or have any ingredient or ingredients mixed with or 
pat into the same, so as to defeat the Operation of the said Hydrometer, 
or deceive the Officer in trying the true strength thereof with the said 
Hydrometer, whereby His Majesty may be defrauded ; in all and everj of 
which cases, such spirits shall be forfeited, and shall and may be seized 
br any Officer or Officers of Excise, any thing in any other Act or Acts to 
the contrary thereof in anywise notwithstanding ; and all Rules, fie^ula- 
tions. Provisions, Penalties, Forfeitures, Clauses, Matters, and Things, 
in any Act or Acts, contained, and not hereby expressly controuled 
or altered, nor repugnant to the Provisions of this Act, relating to the 
ascertaining of the De^ee of Strength of any Spirits, or to the Degree 
of Strength of any Spirits for any purpose whatever, relating to the Reve- 
nue of Customs and Excise, or either of them, by the said Hydrometer, 
called Clarke*M Hj-drometer, or by any other Hydrometer, in that Part of 
the United Kingdom called Irekmd, shall be in full Force, and applied in 
all respects as to the said Hydrometer, called Sikes's Hydrometer, as fully 
and effectually as if the same were hereby particularly re-enacted as 
to such last-mentioned Hydrometer. 

III. And whereas the Strengths of Spirits denoted by the said Hydro- 
meter, called Sike9*t Hydrometer, according to the Temperature thereof, 
liave been, under the Direction of the Commissioners of Excise for Bng^ 
land, set down in a Table intituled, " A Table of the Strengths of Spirits, 
denoted bv Sikes*s Hydrometer," and which Table has been and is sub- 
scribed by the Hand of the Right Uonourahle Nicholas Vansitiart, Chancel- 
lor of the Exchequer, and lodged with the Commissioners of Excise for 
England; and it is expedient to make such Provision for and in respect 
thereof as is hereinafter mentioned ; be it therefore enacted. That the 
Strength of Spirits so set down in the said Table, shall in and throngfaout 
the said United Kingdom be deemed and taken to be true and just ; and 
that the said Table shall on all necessary or convenient occasions, be 
msed by every Officer or Officers of His Majesty's Revenues of Custom^, 
and Excise respectively, in and throughout the said United Kingdom, for 
the Purposes in that Behalf aforesaid, and the Result of such Use shall 
en all Occasions be deemed and taken to be accurate and just Resolts. 



"Hmt mn fii— oth^r sections in the Act reJoHng to the alteration qf Bates, ie . 



W. Cock ft W. F. Jackson, Priaiers, Woolwich. 



/ 



i 



ciAcme 

Bookbinding Co., Inc. 

100 Cambridge St. 
Charlestown, MA 02129 



